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I 
INTRODUCTION 
The interest of the author in coronoid process enlargement began four 
\ears ago during his training in the Oral Surgical Department of the 
St. Radboud Hospital (head: Prof. C. A. Mcrkx). As several patients 
with this condition were treated b\ Prof. J. W. A. Tjcbbes (head Oral 
Surgery Department, State University of Utrecht) it was with his help 
that firstly a search of the literature was carried out. Elaborate des-
criptions were found in the French literature. In 1899 Jacob described 
the phenomenon of a coronoid process impinging against the posterior 
aspect of the malar bone. Later French authors thought it justified to 
designate this type of abnormality as Jacob's disease. 
In the Nijmegen clinic three patients with coronoid enlargement were 
seen. Two of these patients had bilateral coronoid process enlargement 
and one patient showed unilateral involvement. The intriguing possi-
bilities of aetiology encouraged and stimulated the author to investi-
gate the condition at length. 
In 1969 Hecht and Beals and at the same time Wilson et al. published 
their findings on a new syndrome. This consisted of: 
— - trismus 
— pscudocampylodactyly 
— foot deformities 
shorter stature than average 
These authors ga\c details of two families with this syndrome. The 
data on a third family in Saskatchewan, Canada were presented at 
the IVth International Congress of Human Genetics in Paris in Sept. 
1971, by Surana and Ives. 
The pseudocamp) lodaci) h ( = the unabilit) to full) extend the fingers 
when the wrist is in dorsiflexion) is thought *o be due to a shortening 
of the flexor digitorum profundus muscle tendon unit. No explanation 
for the trismus was given at this time. 
11 
In this studv the findings on a fourth family are described. Together 
with Dr. B. G. A. ter Haar, a Paediatrician who has special interest 
in genetics, a full scale familv investigation was carried out. After 
the screening of 112 family members was done, it was decided that 
the syndrome existed in a significant number of those examined. In the 
patients from this series, for the first time full attention was given to 
the trismus. Eight of the total number of 24 affected individuals were 
X-rayed and all exhibited coronoid process enlargement. Thus the 
limited mandibular excursion as part of this syndrome was explained. 
Several branches of the family have not yet been imestigated fully. 
Therefore it is apparent that there may be many undiagnosed cases 
in the community due to the large number of children in families in 
the last century. 
Jacob's article (1899) ends with the remark ,,it would be very difficult 
to reveal this rare condition (impingement of the coronoid against the 
malar bone) in living patients". A remark which was made before the 
widespread use of radiographs. Even today difficulties occur with diag-
nosis and patients can be seen by several practitioners without having 
their disability discovered. This thesis is written in the hope that it 
will contribute to the present day knowledge of the deformity and bring 
the condition to the attention of diagnosticians. 
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и 
NOMENCL \TURE OF THE ENLARGED C O R O N O I D PROCESS 
INTRODUCTION 
The condition can be named either by reference to 
a. X-ray findings \ 
nation with clinical findings 
or 
с Macroscopical appearance ) 
b. X-ray findings in combi- ^ before operative intervention 
d. Histological features \ 
after operative intervention 
Man\ different names ha\c been used in the past and in the works 
of 30 different authors, reporting case histories, the following names 
were emplo\ed: 
3 authors h)pcrplasia 
h\pertroph\ 
exostosis 
osteoma 
osteochondroma 
deformation -
enlargement 
Jacob's disease 
2 
3 
3 
9 
1 
6 
3 
DFSCRIPIION OF 'IHl· NAMIS 1 HA 1 HAVI Ш I N USI I) 
1. Hyperplasia 
2. Hypertrophy 
: enlargement of the coronoid process in one or 
more directions. Microscopically there is an equal 
increase of the number of cells. The morphological 
characteristics of these cells do not deviate from 
normal. 
: the coronoid process is enlarged macroscopicall) 
because of an increased volume of a certain num­
ber of cells. 
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3. Exostosis : .1 sessile bom protuberance of variable size and 
contour, jutting from the affected bone. 
4. Osteoma : a benign neoplasm of bone. 
5. Osteochondroma : a cartilage-capped bom benign neoplasm pro­
truding from the surface of the affected bone. 
6. Dejoimation : onlv indicates an abnormal shape of the coronoid 
process, but gives no information about its size. 
7. Enlargement : am condition which gives rise to dimension of the 
coronoid process beyond normal, providing that 
the outline of the process is well defined. 
8. Jacob's disease : an exostosis on the posterior aspect of the malar 
bone, united with a normal coronoid process bv 
fibrous bands (for discussion on this condition 
see also page 51). 
DISCUSSION ΟΓ ΝΟΜΓΝΓΙ A I URI 
The names osteoma and osteochondroma suggest neoplastic growth, 
which it is certainly right to do if one considers for example the patient 
of Levine (1957). On the other hand in many patients the condition 
seems to be self-limiting and appears to be more an anomaly of deve­
lopment, especialh in the bilateral ca>es (Rowe, 1963). 
The mere presence of ( artilage, especialh on the anterior border of 
the coronoid process, docs not warrant a diagnosis of osteochondroma. 
It is well known that, in regions of pressure, cartilage ma\ form 
(Weinmann and Sicher, 1955). Thus the cartilage mav have been 
produced as a reaction to the presence of the zygomatic bone. If the 
cartilage cap has the tendency to involute, such a ,,burned-out" osteo­
chondroma easily can be described as an osteoma. Further confusion 
has been caused by the fact that the same case has been reported twice 
b\ different authors, first with a diagnosis of osteochondroma (Hol­
mes, 1956) and subsequenlh with a diagnosis of exostosis (Van Zile 
and Johnson, 1957). Another example of this is the case of Zimmer 
(1941) that was originalh diagnosed as osteoma, but in the re\iew of 
Maurer and Wildin ( 1964) quoted as an osteochondroma. 
The name osteoma is not well defined either. Lichtenstein (1952) sta­
tes: „the name osteoma is a much abused one, which is often employed 
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to characterize a miscellaneous group of lesions, some of which are 
not even neoplastic". 
Like Commisionat (1952) did for the condylar hyperplasia one could 
imagine that there are two separate stages in coronoid enlargement. 
In the first stage there is active cartilage proliferation, followed by 
enchondral ossification. In the second stage the proliferation stops and 
the ossification is adjusted. 
One can understand that some authors classify their histological fin-
dings as normal bone (osteoma) and likewise others, who apparently 
resected the coronoid process in an earlier stage, classified it as an 
osteochondroma. 
After this discussion it will be clear that a name is preferred which is 
not based upon a histological diagnosis. As will be discussed later it is 
hazardous to base the diagnosis only on roentgenological findings. There-
fore we think it is necessary to base the diagnosis and the name of the 
condition on the X-ray findings in combination with the clinical find-
dings, and suggest the name coronoid process enlargement. 
The use of this terminology allows additional diagnoses based on other 
criteria such as microscopical appearances to be added. With the pre-
sent knowledge of this condition there is no justification for attempting 
to classifv further the small number of patients with coronoid process 
enlargement reported to date, l'urthermore, any other description ma) 
have to be changed in the light of future knowledge. 
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I l l 
TRISMUS 
INTRODUCTION 
The most dominating clinical feature of the enlarged coronoid process 
is without doubt the trismus. A further consideration seems therefore 
desirable. Trismus is noted as a sjmptom in many diseases. The restric-
ted mouth opening can remain so long after disappearance of other 
symptoms, that ¡t is a clinical entity, which could be considered as a 
real, separate disease. Nevertheless it is usual to reserve the name tris-
mus for any limitation of mandibular movement. 
In case of trismus, the clinician's attention is often diverted to the 
T.M. joint, which appears from names like false ankylosis (Palumbo 
et al., 1964), pseudo-ankylosis (Mariette, 1963) and extra-capsular 
ankylosis (Killey et al., 1971) which are used as synonvms foi tris-
mus but in fact ha\e nothing to do with real stiffness in the joint. 
DIFFFRFNTIM DIACNOSIS 
Trismus was originally defined as a tetanic spasm of the muscles of 
mastication. Even recently Boudouresques (1960) and Ta\lor (1970) 
ha\e used trismus in describing patients suffering from tetanus. Both 
authors note that in their patients suffering from trismus, tetanus ini-
tially has been overlooked in the differential diagnosis. A comprehen-
sive description of all the causes of trismus has been given elsewhere 
(Van Hoof, 1972). The causes of trismus are listed in fig. I I I - l . 
From the diagram it will be clear that trismus caused by coronoid en-
largement must be classified as cxtra-capsular osseous trismus. 
In the same group also belong: 
a. the limitation of movement due to a traumatic displacement of the 
zygomatic bone. 
b. the possibility of an osseous outgrowth in the malar region. This is 
extremch rare and has been described by Jacob ( 1899). 
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с e n l a r g e d styloid process . T h i s s e l d o m inter feres w i t h m a n d i b u l a r 
m o \ e m e n t a n d w a s d e s c r i b e d o n h o n c e in l i t e r a t u r e (Bla i r , 1 9 2 8 ) . ' 
I Intra-rapsulai trismus 
t rauma 
infection 
arthrosis 
hacmatoma 
fracture 
forceps deliver\ 
arthritis 
odontogenic 
otogenic 
haematogeme 
obstructions in 
the soft tissues 
infection 
postoperative swelling 
scar tissue 
neoplasms 
radiotherapy 
congenital malformations 
II Extra-capsular trismus . osteogenic im­
pingement 
enlarged coronoid pioccss 
dislocated /ygomatic hone 
enlarged styloid process 
exostosis on the posterior 
side of the malar hone 
<tetanus h\steria cerebral lesions 
Tig III 1 Causes of trismus 
* In his origindl a i m le Ulan desi uberi л 21 )eais old female, who was crushed 
iindci a falling bale of bav at die age of j Afteiwauls the mouth opening giaduall) 
decreased and the adult patient picscnted both tiismus and lack of mandibulai 
de\clopmcnt \t c\ainination thcie appealed to be anMiosis of the left I M joint A 
bilateial ositoionn ol the ascending lamus impio\ecl the piofile but the tnsmus was 
still picscnl Ulan amtinncs V good icKiilgenogiam taken some )ears after the 
opeiation sbo«ecl that the suloid pioccss on the lelt side was almost the size of her 
little finger and at full opening abutted against the inner side of the angle of the 
jaw ' 
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ANKYLOSIS OF 1HE CORONOID I'ROCFSS 
Some remarks ha\e to be made about what Brown et al. (1946) called 
the ankylosis of the coronoid process. Calcification of fibrous tissue 
occurs and can bridge the coronoid with the z>gomatic arch and the 
maxilla. Such bony formations arc caused by repair after severe infec-
tion and can be extensive (Mariette, 1963). Several authors (Ginestet 
and Papillon 1943, Brown 1946, Ginestet and Frczicres 1954, Beiter 
and Waggoner 1955, Palumbo 1964) reported many instances of severe 
trauma and especially war injuries in which the presence of cicatrical 
tissue gave rise to bone formation in the coronoid area. The fixation 
of the jaw by these lesions may be as solid as bony ankylosis of the 
joint but can also be incomplete, as described by Ginestet and Papil-
lon: „la radiographie met en évidence une volumineuse production 
osseuse en forme de champignon, surmontant l'apophyse coronoide et 
incomplètement fixée au malaire et au zygoma'1. In all these cases 
however the bone formation is radiographically ill defined. Therefore 
a marked distinction remains between these patients and the ones 
described later with an enlarged coronoid process. 
On the other hand an ank\ losing process involving the temporo-man-
dibular joint ma\ extend to obliterate the sigmoid notch and also in-
volve the coronoid process. In these cases howe\er the destruction in 
the joint area indicates where the process of bone formation is origi-
nating. 
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IV 
NORMAL M O U T H OPENING 
To classifv a mouth opening as restricted, one has to know normal 
values. Measuring is always done between the incisai edges of the 
upper and lower central incisor of either left or right side. Kusen 
(1960) investigated these values in a group of 131 (mainly male) stu­
dents between 19 and 40 \ears. Derksen (1970) investigated 100 males 
and 75 females. Their figures are listed in table IV-1. 
group average standard extreme 
in mm deviation л alues 
(Kusen) 131 б a n d ? 47,3 8,0 23; 69 
(Derksen) 100 â 6 53,8 6,5 53; 71 
75 ? ? 50,4 5,9 36; 65 
'labio I\-I MaMinum niuuih opuiin» m atlulls 
Kusen also measured the mouth opening in a group of 530 school-
pupils, ranging from 7 to 18 \ears. He did not find a significant differ-
ence between boss and girls. These \alues are listed in table IV-2. 
No values on mouth opening of (hildren )ounger than 7 \eais were 
found in literature. 
It has to be emphasized that the aim of thcrap\ will not be to obtain 
an unduly large mouth opening. A range be}ond 45 mm does not ha\c 
any functional value whatsoever. It is felt that only a \alue below 
25 mm interferes with adequate physiological oral function and requires 
treatment. 
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age average in mm standard extreme 
deviation values 
7 \ears 36,6 
8 , 
9 , 
10 , 
И , 
12 , 
13 , 
14 , 
15 , 
16 , 
17 , 
18 , 
40,0 
41,0 
41,0 
41,0 
41,0 
42,4 
45,0 
46,1 
46,0 
45,6 
47,2 
mm 
я 
и 
55 
Ï Ï 
51 
5 Î 
Ï J 
5? 
55 
55 
55 
5,7 
2,6 
3,9 
3,7 
5,8 
5,9 
10,1 
5,6 
5,8 
6,0 
5,3 
6,4 
23-49 mm 
34-46 „ 
31-51 „ 
32-51 „ 
28-56 „ 
27-55 „ 
20-64 „ 
31-59 „ 
32-60 „ 
31-61 „ 
32-59 „ 
31-63 „ 
Table IV 2 Maximum monili opening m duldhood 
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ν 
CLINICAL FEATURES OF C O R O N O I D PROCESS 
ENLARGEMENT 
Every patient with inability to open the mouth adequately needs careful 
examination, especially when the condition exists o\ er a long period and 
no inflammation has occured. Careful palpation of the condyle area, 
the tips of the coronoid process and the posterior aspect of the zygo­
matic hone is of course necessary but seldom gives enough evidence for 
a diagnosis. Coronoid enlargement has never been reported to give abso­
lute immobility to the joint, and it is therefore possible to check the 
movements of the condyles by palpating, thus indicating that the condy­
lar area is not involved in the cause of the trismus. 
Besides vertical limitation it is important to investigate the protrusion 
of the jaw. In case of bilateral coronoid enlargement, lateral movements 
may be limited as well. In unilateral invohement protrusion of the 
mandible may result in deviation of the jaw to the affected side. This 
kind of limitation sometimes can be the only clinical sign of coionoid 
enlargement. 
Allison et al. (1969) state that they ha\e seen patients in whom the 
coronoid process was unusually large or extended anteriorly to an unusual 
degree. Several patients had inabilit) to move laterally and had limited 
anterior protrusion, but had no difficulty during hinge axis opening of 
the mouth. 
It is of great importance to know what happens if an instrument is used 
to separate the jaws with force. If only two or three millimeters can be 
gained by this procedure while no clastic resistance is felt, a bony at-
lac hment becomes very likely 
Crepitation in the temporo-mandibular joint was sometimes noticed as 
an additional symptom (Shackelford and Brown 1949, Dechaumc et al. 
1957, Antoni et al. 1958, v.d. Vijver 1962, Rowe 1963, v.d. Veld 1969, 
Allison et al. 1969). Only in the case of Brandt (1943) did it appear 
to be caused by the enlarged coronoid process itself. 
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Λ long lasting trismus inevitably affects conditions intra-orall>. The 
lack of oral hygiene and dental care gives free play to caries, which in 
its turn can lead to periapical infections. 
In spite of the fact that in cases of severe trismus nutrition is very 
difficult and chewing mostly impossible, these patients do not seem to 
starve, as they all remain in a healthy general condition. Trismus seldom 
interferes with normal speech. In the normal act of deglutition some 
mandibular movement is made, \et very few patients complain about 
swallowing difficulties. In case of serious vomiting however the trismus 
patient may very easily aspirate. 
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VI 
ANATOMY OF THE CORONOID PROCESS AND 
ENVIRONMENT 
IN 1 RODUCTION 
In literature the names muscular process and coronoid process are some-
times used indiscriminate!). The first one is from the Jenen nomencla-
ture and the latter is approved by the international Nomenclature 
Committee in Paris in 1955. 
The coronoid process is a part of the mandible. The human mandible 
consists of a strong horseshoe shaped body which continue-î on cither 
side upward and backward into the mandibular ramus. The bod\ car-
ries the alveolar process with the teeth. The ramus ends in two pro-
cesses, the anterior coronoid process and the posterior articular condylar 
process. The upper end of the ramus is divided into these two processes 
Ы the semilunar, sigmoid, or mandibular notch. At the tip of the 
coronoid process a crest commences which runs straight down, traversing 
the coronoid process and then continuing on the medial surface of the 
ramus, becoming increasing!} prominent in its downward course. Behind 
the last molar it bends into an almost horizontal plane and widens to 
a rough triangular field, the retromolar triangle. The vertical crest on 
the medial surface of the ramus serves for the attachment of the deep 
tendon of the temporal muscle and is therefore designated as temporal 
crest. The anterior margin of the coronoid process continues as the 
anterior border of the ascending ramus and is designated as the oblique 
line (figVI-1). 
The coronoid process does not get much attention in most textbooks on 
anatomy, some onh mention that the tendon of the temporal muscle 
is attached to the coronoid process. According to Sicher (1960): „The 
coronoid proce>s is a triangular bom plate ending in a sharp с orner or 
elongated into a small backward curved hook. Its posterior border is 
conca\e; its anterior border, continuing into the anterior border of the 
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ramus, is slighth com ex. In most indi\ iduals the coronoid process is 
higher than the condyloid process'. The gieat individual diversity is 
stressed by Spalteholz (1953), who stated: „there is ven much variation 
in shape and si¿e of the coronoid process"'. Howcxcr the limits of these 
\ anations are not given. 
1 ig VI I I lie luiman mandible with some impoilam jnaiomical lamlmaiks 
1 sigmoid nolch 
2 (nronoid pioccss 
ò I cmpoia l crest 
1 n i j i id ibula i f o i a n u n 
"ι i c t i o m o l a i t r iangle 
fi o b l i q u e l ine 
7 . i i u u i o i b o i i k i of llic ascending l a m u s 
H (oniKla i piorcss 
9 gonion 
IO g n j t l n o n 
Dufourmentel (1929) gives an excellent anatomical description, which 
also indicates that the border between normal and pathological is \ague: 
„Le coroné lui-même, on peut le \oir transfoimé en une longue apo-
phvse qui se prolonge dans l'épaisseur du tendon temporal. On peut le 
voir, au contraire, émoussé et reduit . . . Dans d'autres cas encore, le 
coroné déformé apparaît sous la forme d'un \érilal)lc petit condyle, il est 
surmonté d'une tubérosité osseuse plus ou moins \olumineuse et plus ou 
moins irrégulière". 
The same author stressed the fact that it is important to consider all 
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these variations in relation to the posterior aspect of the malar bone. 
This bonv wall forms the \ entrai border of the temporal fossa, and it 
is therefore right to state that the effect on limiting mandibular excursion 
in case of coronoid process enlargement depends upon the available 
space in the (infra) tempoial fossa. The inner margin of the zygomatic 
arch forms the lateral wall of this fossa and can be equally important 
regarding the free movement of the coronoid. 
ІНГ \ I \ I \ DIMLNSIONS ΟΓ I III CORONOID PROCESS 
The most elaborate anatomical studici of the coronoid process arc from 
Biondi as cited b\ Guillot (1935). This author considers the process to 
have two main dimensions: the base and the height. 
The base will be found in a horizontal plane, that contains the lowest 
point of the sigmoid notch, and runs parallel with the 
horizontal plane on which the mandible is put, resting on 
the gonion and the gnathion. 
The height will be found by a perpendicular to the top of the coronoid 
process on the above mentioned plane. 
To get an impression about the dimensions of base and height, Biondi 
examined seven hundred mandibles and found the following data: 
The height varies from 9 to 30 mm with a most frequent value of 16 mm. 
In childhood as well as in the old age the average ь 15 mm. Sex docs 
not seem to have am influence on these dimensions. Race on the other 
hand can influence them considerable. The more primitive races from 
an ethnological point of view appear to have a process which is short 
and compact, whereas the more advanced races have a longer and slim­
mer с oronoid process. 
The base varies from 13 to 36 mm with a most frequent value of 21 
mm. In childhood the base is mostlv 19 mm and in the old age 22 mm. 
In general the base of the coronoid has the lendencv to be broader 
in male than in female. The ethnological influence is inverted here: the 
moie piimilive races have a more developed base compared with the 
more advanced races. 
There is no constant connection between the height and the base of 
the coronoid process. Most frequenti) howcvei the dimension of the 
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base is greater than the height b\ se\en to eight millimeters. One ver\ 
seldom finds a height which is larger than the base. 
THF CORONOm PROCESS CONSIDtPhL) ^S A TRUNC.UI AR p\ RAMIl) 
The coronoid process can be imagined in diagram as a triangular p\ra-
mid. Reckoned from the top of the process the sides of this pyramid 
are: 
a. the rim which continues until the lowest point of the sigmoid notch. 
b. the most anterior and lateral rim from the top which gradualh 
continues as the oblique line. 
с the most medial rim which is not alwa\s \cr\ distinct, but originate> 
in the top as well and continues graduallv as the inner border of the 
rctromolar triangle. 
A. Antenoi side of the /jyramid: 
Theoreticalh the anterior side starts at the top and ends at the base. The 
border between base of the coronoid process and the ascending ramus 
of the mandible, as described by Biondi is easv to detect in an anatomical 
study, but clinicall) and cspccialh during surgical approach there are no 
marks on the anterior side of the ascending ramus which indicates the 
base of the coronoid process. The anterior side of the pyramid is convex. 
About halfway up the ascending ramus the curvature turns concave. It is 
about on this level that one starts to describe the anterior rim as the 
oblique line. 
If the transition from convex to concave curvature occurs at the level of 
the base of the coronoid process, there is usually a shoit coronoid process. 
This may be considerably lower than the condvlar process and some­
times does not rise above the level of the sigmoid notch. This givc^ the 
impression that the process is developed more in an anlero-posterior 
direction. 
In the older individuals the above mentioned convex curvature starts 
closer at the top and generally above the level of the base of the coro­
noid, which gives the process an aspect of being bent backwards. The 
top and the posterior side of the coronoid can be normal but more 
often the first is pointed and the second concave. The hollowing of the 
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sigmoid notch is accentuated by this and seems to be displaced forwards. 
This senile development is also seen in some normal adults. At last the 
anterior aspect can be very straight and may even be vertical, as this is 
especially seen in childhood. This finding explains why the height of the 
process in children is relatively so well developed. 
B. Top of the pyramid: 
This is mostly pointed or only slightly round. An entirely rounded top 
also occurs, other forms like for instance that of a gothic arch arc 
exceptional. 
C. Posterior side of the pyramid: 
This reaches from the top of the process to the lowest point of the 
Mgmoid notch. This side is concave to the posterior and often shows 
a small tuberculum, caused probably by the attachment of an isolated 
part of the tendon of the temporal muscle. Only exceptionally the 
posterior aspect is convex. 
D. liiner <;ide of the pyramid: 
The most medial rim, which is indicated as the temporal crest, is not 
always very distinct and may even be entirely absent, which makes the 
coronoid lose its pyramidal shape and leaves an almondlikc appearance. 
1H1 11 МІЧЖЛІ. lOSSA 
When considering the pos.sibilitics of impingement, it should be realized 
that the relation of the coronoid process with its environment is deter­
mined by the bony walls of the temporal fossa (fig. VI-2). The malar 
bone, temporal bone and greater wing of the sphenoid bone take part 
in the lining of this fossa. 
The external bony wall consists of the zygomatic process of the temporal 
bone and the temporal process of the zygomatic bone, together repre­
senting the zygomatic arch. The curvature of this arch shows consider­
able individual and racial variation. The coronoid process on the 
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Fig. VI-2. View from the top of the skull, looking downwards thioiigli the zygomatic 
arch. Considering the possibilities of impingement, it should be realized that the 
relation of the roronoid process with its environment is determined bv the bony walls 
of the temporal fossa. 
a — mastoid piocess Ь = orbit с = coronoid process 
A = distance between the coronoid process and the anterior margin of the temporal 
fossa, varying from 6 lo 20 mm, with an average of 9 to 13 mm. 
В = breadth of the tempoial fossa; taking the lowest point of the conca\e curvature 
of the sphenoid wing, this distance varies from 15 to 2.5 mm. 
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other hand ma\ exhibit a sidenards inclination or outgrowth at the 
lateral side, which \er\ well can impinge against the zygomatic arch. 
The internal bony wall is formed by the malar bone on the anterior 
side, a part of the temporal squama on the posterior side and the greater 
wing of the sphenoid bone in the middle. As the latter has a concave 
aspect and forms a strongh receding part of the lateral wall of the 
skull, impingement of the coronoid proccis is not very likely. 
The posterior margin іь formed by the origin of the zygomatic process 
en the temporal bone, and is unlikeh to be invohed with the coronoid 
process. 
The anterior margin on the other hand is very important. It can be 
defined as the lowest point of the concave curvature of the posterior 
4de of the malar bone. Approximate!} at the level of the zygomatic 
an h the suture between malar bone and maxilla is located. Therefore 
the posterior aspect of the zygomatic process of the maxilla also takes 
part in the bony framework of the temporal fossa. As will be pointed 
out later in further detail, the posterior aspect of the malar and maxil­
lary bone play clinically the most important role in restricting the move­
ment of the coronoid process. 
Guillot (1935) investigated the dimensions of the temporal fossa and 
found the length to be between 30 and 42 mm with a most frequent 
value of 35 mm. The figures of the breadth depend very much on the 
point of measuring. Taking the lowest point of the concave curvature 
of the sphenoid wing, Guillot found the breadth to be 15 to 25 mm. 
Clinically the most important value is the distance between the posterior 
side of the malar bone (anterior wall of the temporal fossa) and the 
anterior margin of the coronoid process. This distance was found to be 
between 6 and 20 mm with an average of 9 to 13 mm, indicating that 
individual differences arc considerable. 
During the physiological movements of the coronoid process in mouth 
opening the apex goes through a forward and downward movement. If 
the mouth is opened to three centimeters, the top of the coronoid has 
effectuated a distance of about 10 mm in vertical direction and 4-5 mm 
in a horizontal direction. Of course these movements may give rise to 
impingement if either the coronoid is large or the temporal fossa ex-
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tremely small but there is another phenomena which is very likely to 
occur in case of luxation of the mandible. Curiously this is seldom 
described in literature and it is only mentioned by Testut and Jacob 
(1914). Λ short but pointed coronoid process easily can be hooked 
around the inferior border of the malar bone (fig. VI-3). 
Fig. VI-3. Redrawn from the original figures in Traite d'anatomie topographique 
by Testut and Jacob (1914) 
left : maximal mouth opening in normal individual, the mandibular condyle is 
on the top of the articular tubercle, there is ample space tor movement of 
the coronoid process. 
middle : maximal mouth opening in a patient with enlargement of the coronoid 
process, there is impingement against the posterior aspect of the malar bone. 
right : patient with dislocation of the mandible, the condylar head is locked ante­
rior to the articular tubercle but the slightl) enlarged coronoid process 
contributes to this lock as it is hooked around the inferior border of the 
malar bone. 
As is well known in case of acute dislocation of the jaw, the condyle 
becomes locked anterior to the articular eminence, which prevents it 
from sliding back, but the coronoid might well contribute to this lock. 
In treating such a dislocation it may be even more necessary to start 
reduction by exerting nothing but downward pressure on the mandible, 
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in order to overcome the eminentia as well as the inferior border of 
the malar bone. 
SUR(,IC-U. AN\ IOMY 
The space inside the zygomatic arch is filled b\ the coronoid process, 
parts of the temporal and masseter muscles, fat tissue, vessels and 
nerves. 
The insertion of the temporal muscle occupies the coronoid process and 
reaches down to the ramus of the mandible. On the outer surface of 
the coronoid the fibers of the muscle are attached only to the superior 
part, but on the inner surface they continue down to the base of the 
process. On the posterior aspect the tendon is attached as far as the 
deepest point of the semilunar notch. On the anterior surface of the 
coronoid process two groups of fibers send their tendons far down 
toward the posterior end of the alveolar process. These two tendons 
arc separated by a downward widening cleft. Therefore the retromolar 
fossa of the mandible between the superficial and deep tendon is free 
from the insertion of the temporal muscle and gives the best access in 
case of an intra-oral surgical approach of the coronoid process. 
The space at the inner side of the zygomatic arch is reduced b\ the 
insertion of the deep fibres of the masseter muscle. Passing forward 
from the condyle but remaining in the sigmoid area there is respectively 
the peri-articular venous plexus, the masseteric arten (originating from 
the second part of the maxillary a r ten) , the masseteric vein and the 
masseteric nerve. Between the sigmoid notch and the skull lies the 
external ptengoid muscle and its associated venous plexus. Cuning 
parallel to the sigmoid notch is the maxillary artery. 
Lateral to the sigmoid notch, below the level of the zvgomatic arch is 
the masseter muscle. 
In front of the coronoid process, the space between the masseter muscle 
and the external ptengoid muscle is filled with fatty tissue. In this 
region the buccal artery, vein and nerve are also located. On the outer 
surface of the zygomatic arch, directly in front of the tragus (super-
ficially placed so that its pulsations can be felt) is the superficial tem-
poral artery. The superficial temporal vein and the auriculo-temporal 
nerve arc also found here. 
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The facial nerve and its ramifications are located in the pre-auricular 
region and if one is operating on the coronoid process by the external 
approach, there is a risk of damage to this nerve. Also it is possible to 
cause bleeding from accidental damage of the transverse facial artery. 
In an intra-oral approach to the coronoid process, its bony surface near 
the retromolar fossa is only separated from the oral cavity by a laver 
of mucosa. In this area there are neither major blood vessels or nerves 
but there is, as has been mentioned above, the buccal artery, vein and 
nerve running downwards approximately parallel to the anterior border 
of the ascending ramus. 
Therefore an intra-oral approach is preferred as will be discussed more 
in detail in chapter XII. 
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VII 
X-RAY EXAMIN VTION 
INIKOIJI'C.IION 
In spite of accurate clinical investigation, the differential diagnosis be­
tween intra- and extra-capsular lesions causing bony restriction of the 
mandible can only be made by radiological examination. Λ lesion within 
the joint will then usually be recognized, but if one finds a normal joint, 
attention should be given to the coronoid process. 
On routine radiographic studies of the joint, the coronoid may be masked 
by other structures, such as: base of the skull, malar bone and mastoid 
process. On routine views the coronoid process may be distorted or 
may be excluded from the X-ray field as well. In the conventional 
postcro-antcrior and lateral oblique view of the mandible, the coronoid 
process is superimposed upon the mass of other bom structures and 
pathological alteration of the tip is difficult to recognize with a reason­
able degree of accuracy. The diagnosis of coronoid enlargement how­
ever can be established roentgenographicalh in various wa\s: 
Lateral \iew of the skull 
Basal view of the skull 
- Waters view 
— Orthopantomogram 
Lateral tomograms 
I VII RAI VII W ΟΙ I H l SKULL 
In a true lateral X-ra\ of the skull, the abnormal extension of the 
coronoid process above the level of the zygomatic arch may be seen, 
although the contours usually remain vague. Maurer and Wildin ( 1964) 
made a comparison of the relations of the coronoid process to the in­
ferior rim of the zygomatic arch in normal and abnormal cases. Λ 
review of 50 lateral skull films on which the relevant structures could 
be identified, showed that the coronoid tip usually lies below the inferior 
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тагціп of the zygomatic arch. In a few cases it was projected above the 
inferior rim to a maximum of 4 mm (Table VII-1 ). 
This method of measuring has the disadvantage that the contours of the 
tip of the coronoid often remain \ague even on adequate skull films. 
Morco\cr correct interpretation mav be difficult because of superim­
position of the right and left coronoid process. Another disadvantage is 
the fact that the height of the coronoid above the zvgomatic arch depends 
on the angle between the horizontal plane — in which both zvgomatu 
arches are located — and the central X-rav. 
Height the coronoid projects above 
Case the inferior rim of the zvgomatic 
arch (mm) 
patient 1 15 
patient 2 19 
patient 3 23 
patient 4 18 
50 normal individuals 8 mm below to 4 mm above 
Average: 3 mm below. 
I able \ l l 1 (ompaiison of llic (ішшиді piceos to MIL' infciioi inn of the 7\gomatir 
.mh in I ahnonnal ami ">() noim.il cases (arrord ng Io Manici and VViUlin, I'lfi-l) 
n\S\l V II N Oí 1H1 Ski I I 
In several ca«es bonv abnormalities of either coronoid and zvgomatic 
arch could be visualized on ba^al views of the skull (Zimmei 1941, 
Brandt 1943, Shackelford and Brown 1943, Shira 1958, Pap 1959). The 
position of the head for these X-rav s is almost identical to that generally 
taken in order to demonstrate fractures of the zvgomatic arch. Shackel-
ford and Brown (1943) were the first to use a slight modification. Thev 
partiallv rotated the patient's head and directed the X-rav s tangentiallv 
to the side of the head. The exact amount of angulation can be estimated 
during fluoroscopic examination onh. 
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As the combination of this incidence with fluoroscopy requires special, 
expensive equipment and an experienced, interested radiologist, it will 
not be the method of choice in general practice. This probably will be 
the reason that Shackelford and Brown have remained the only ones 
advising this way of examination. 
Only in case the above mentioned conditions are fulfilled the use of 
TV-fluoroscopy may be helpful in finding impingement of the coronoid 
process or choosing the optimal incidence for a special X-ray. 
Hg. VII-I. I nilateial coionoid process enlargement on the lell side. Inclination of 
X-ray chosen hy means oí TV fluoroscopy (patient 2 desciihecl on page (il). 
WATERS VIEW 
The occipito-mental film will be of limited diagnostic value in cases of 
unilateral coronoid enlargement. The distortion of the process is such 
that it does not justify a definite conclusion about the actual length of 
the tip. This film however is useful to compare the breadth of the two 
coronoid tips. 
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()RlHOr*MOM(K»RA.M 
In most cases the coronoid process is \ er\ well visualized on an ortho-
pantomogram. Occasionali) wc tried to visuali7c the coronoid process 
on a so called high orthopantomogram (used for the maxillary sinus and 
orbital floor) but with this technique it was not possible to obtain ad-
ditional information. The standard projection ol the orthopantomogram 
also enables an accurate comparison of the left and the right side. 
Limited experience only has been obtained in recording coronoid en-
largement on these X-rays, but as will be discus-cd in chapter VIII it is 
one of the most valuable diagnostic aids. 
LAILR^L lOMOGRAMS 
Apart from the orthopantomogram, lateral tomograms arc an indispen-
sable aid in confirming the diagnosb. Onl\ with these films the exact 
point of impingement on the posterior side of the malar bone can be 
e\aluated in open mouth position (fig. VII-2). 
A bony outgrowth on this posterior aspect can also be visualized very 
clearK. The radiological diagnosis of malar bone deformity depends 
on very accurate laminagraph) and might ha\e been overlooked in the 
past. The demonstrating of the bom outgrowth, certainly is of thera-
peutic interest, as its correction after resection of the enlarged coronoid 
process can be necessary in pronounced cases. 
Occasionally we tried antero-posterior tomograms, but these films did 
not appear better than the special inclined basal view of the skull. 
APPEARANCL· OF DONI· 1 ORMA I ION 
X-ray examination of coronoid enlargement mostly shows the radio-
opacity of normal bone. If the enlargement is due to a dense osteoma 
it casts a heavy shadow. 
The affected coronoid process mostly shows a giant sized development 
of an uniform and regular nature. In the minority of cases there is an 
irregular o\ ergrowth of the tip. 
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Fig. Vll-2. Lateral lomogvam of almost verlital enlargement of tlie coTonoid process 
(patient 2 clescril)e(l on page 61). 
Left : the mouth is closed, a. posterior aspect of malar bone 
b. enlarged coronoid process 
с sigmoid notch of the mandible 
Middle : maximal mouth opening (17 mm), impingement against the retromolar 
exostosis, between a and b remains a narrow space with soft tissue. 
Right : the X-ray is less magnified and the condylar head (d) is also visualized. I he 
coronoid piocess has been resected and the retromolar exostosis corrected, b ' 
can move now without impingement. 
SEQUENCE OF X-RAY EXAMINATION 
Summarizing the above, one can say that the sequence of X-ray exami­
nation should be as follows : 
1. If there is any suspicion of coronoid enlargement an orthopantomo­
gram should be taken. This may reveal a perfectly normal outline 
on both sides which can be measured, according to a technique dis­
cussed in the next chapter. 
2. If the orthopantomogram confirms the suspected lesion all the above 
mentioned films (except the lateral skull film) will be necessary to 
obtain an accurate impression of the outlines of the enlarged coronoid 
process. 
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V i l i 
MEASURINGS ON THE ORTHOPANTOMOGRAM 
IN THE C O R O N O I D AREA 
INI RODITI ION 
As already mentioned the orthopantomogram is considered of great 
value in the difficult proceedings leading to a definite diagnosis of 
coronoid enlargement. For an accurate interpretation of the orthopan­
tomogram one would like to have reproducable lines, distances and 
values for comparison. Fortunately all orthopantomograms are taken 
according a standarized method. The patient's forehead and chin are 
used as orientation points to fix the head in the apparatus, whereas the 
X-ray tube as well as the film turn around the patient's head in the 
same way in every exposure. 
Μ λ Ι Ι Κ Ι λ Ι AND MtlHOUS 
The orthopantomograms have been traced on transparent paper and 
then put on a sheet of millimeterpaper which enables the imeitigator to 
measure the distances in a \ cr\ accurate wa\. 
In a pilot study the orthopantomograms of 11 individuals not suffering 
from trismus were considered. 
On e\cr\ tracing the following lines are drawn (fig. YIII-1 ) : 
1. line с : the common tangent to the cranial surface-, of both cond\les. 
2. line s: the common tangent to the sigmoid notches. 
In the ascending ramus on both right and left side are drawn: 
3. line a: the tangent to the outer surface of the ascending ramus. 
4. line t t : the tangent to the top of the coronoid process parallel to 
line c. 
r>. line t o: the tangent to the outer contour of the coronoid pгoces^ 
perpendicular to line s. 
6. line t a : the tangent to the outer contour of the coronoid process 
parallel to line a. 
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¡Ых distances are measured on both sides with the aid of these lines: 
dj = distance between the lines с and 11.7-
d2 = distance between с and the lowest point (S) of the sigmoid notch. 
dj = distance between line s and the top of the coronoid process. 
d4 = distance between point S and line t o. 
d3 = distance between the lines a and t a. 
db = distance between point S and line a. 
ERRORS OF MEASUREMENT AND TRACING 
To study the measuring and tracing errors the eleven orthopantomo­
grams were traced twice with an interval of one week between the first 
and the second tracing. On both tracings the above mentioned distances 
were measured twice. The difference between these duplicate measure­
ments were calculated. As there were 11 orthopantomograms, 2 tracings 
on each orthopantomogram and 12 measurements (in duplicate) on each 
tracing (6 on both sides), there were 11 χ 2 χ 12 = 264 duplicate dif­
ferences. 
199 (75c/c) of these differences are not larger than 0,1 mm. Only 6 
( 2 % ) of the differences were over 0,5 mm, none over 1 mm. For each of 
the 12 measurements the standard deviation of these differences was cal­
culated according to the formula: 
(where d, is the i lh difference and η is the number of differences). 
For each of the 12 measurements these sa values varv from 0,08 to 0,21 
mm. 
The differences between the mean \ allies of first and second measure­
ments on the two tracings of the same orthopantomogram were calcula-
* Uclou [he line с this distance is quoted as a positive value, and bevond this line аь 
a negative value 
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mus) 
cl i r = d i s u m e d mcasmod on the nglit side 
d,) = distance d, measiued on (he leti suie eu 
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ted as well. These uere 11 χ 12 = 132 duplicate differences. 67 (51 c/c ) 
did not exceed 1,0 mm, 30 (23% ) did exceed 2,0 mm, 9 ( 7 % ) exceeded 
3,0 mm and 9 (7% ) exceeded 4,0 mm. The s.i \alues of these differences 
for each of the 12 measurements varied from 0,62 to 1,48 mm. 
It can be concluded that the measuring error is negligihlv small with 
respect to the error of tracing. 
SI ATIS11C AL W AI ISIS Ol· DAI A ON 3 0 INDIVIDLALS 
The measurement and tracing errors were determined from the data on 
11 individuals. In order to stud\ the variation of the distance-) and the 
interdependencN of these distances, the material was extended with 
the data of another group of 19 individuals, likewise not suffering from 
trismus. 
In the latter 19 ( ases the orthopantomogram was trac ed and measured 
only once. Combined with the first measurements on the first tracing 
of the former 1 1 patients a set of data of 30 individuals, not suffering 
from trismus, is obtained (Table VIII-1). These data arc statistically 
analysed in the following wa) : 
1. For each of the 12 distances (6 on both sides), mean and standard 
de\iation were calculated (Table VIII-2), 
2. the mean differences between corresponding distances on the light 
and the left side weie tested with Student's t-test for paired samples, 
3. the differences between the mean \alucs of the distances for two 
samples, 
4. the Pearson (orrelation coefficients between all possible pairs of the 
twelve distances were calculated and tested with the t-test for in­
dependence, 
5. for the distances d, (right and left) lower one-sided tolerance limits, 
for the other distances upper one-sided tolerance limits were cal­
culated. These arc limits with a confidence coefficient of 90% for a 
tolerance probabiliK of 9 5 % ; this means: it is 90% certain that in 
the population at least 95% of the values of the distance considered 
will be less than the upper limit (more than the lower limit); the 
limits are calculated under the assumption that the distances are nor­
mali) distributed in the population. 
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distance mean standard tolerance* 
deviation limit 
djr 
du 
d,r 
dsl 
dn 
dm 
d4r 
¿41 
d5r 
d3l 
der 
dei 
6.7 
6.4 
21.3 
20.5 
14.6 
14.3 
22.9 
23.0 
49.8 
50.0 
25.3 
25.5 
5.9 
6.0 
3.3 
3.3 
4.3 
4.3 
3.8 
3.4 
4.7 
4.3 
3.0 
2.8 
- -5.3 
- 5.8 
28 0 
27.1 
23.3 
23.0 
30.6 
29.8 
59.3 
58.7 
31.3 
31.3 
'I able \III-2. Mean, standard deviation and tolcuncc limit foi thirty individual!) not 
sufFciing horn tusnius (nicactncd in mm) d | r is the distante cl, on the right side. 
d,| is the dislance d on the left side etc. 
SIAIISTK.AL CONCLUSIONS 
1. The mean differences between corresponding distances on the left 
and right side remain small and not significant, except the distance 
d., (Table VIII-2). The mean values of this difference is for right 
significantly larger than for left ( Ρ < 0,05 ). 
2. There is no statistical significant difference between the average 
values of corresponding distances of male and female. 
3. The distance d, shows in table VIII-2 the largest standard deviation 
*T he uppci (ior d, the louci) one side loleiante limit with a toleiance piobabl) of 
!)")"t, and a confidence coelhtient of 90% 
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of all distances. This standard deviation exceeds the one of distance 
d^ j significantly.* 
4. The correlations between corresponding distances on the left and 
the right side are all ven significant. 
5. Considering the distances measuring the size of the ascending ramus 
in „\ertical" direction (dl d, d j) : d, shows a ven significant nega-
ti\e correlation with do and a ven significant positive correlation 
with dfl, the correlation between d., and d3 is not significant. 
G. Considering the distances measuring the size of the ascending ramus 
in „horizontal" direction (d4 d5 d 6 ) : d3 shows a ver) significant 
positive correlation with d4 and d
c
. There is no significant correlation 
between d4 and d6. 
7. Considering the correlations between „vertical" and „horizontal" 
distances: d2 shows significant positive correlations with d4 , d, and 
d(i. The distance da is ven significantK positiveh correlated with dj 
and significantly negativ eh correlated with dg. There is no significant 
correlation between dj and d4. 
The conclusions 5, 6 and 7 are valid for both left and right side distances. 
IVll'I К V1IONS OF тнг STAT is ι к vi сом ι USIONS 
— The distance d3 seems, because of its smaller standard deviation, 
preferable to d, as a measure for the height of the coronoid process. 
— The distances d3 and d4 (the latter representing the breadth of the 
coronoid process) are not significantly correlated; therefore they 
give more or less complementary information about the size of the 
coronoid process. 
— As both height and breadth of the coronoid process mav contribute to 
the clinical evidence of coronoid enlargement (by means of trismus), 
both distances d3 and d4 have to be taken into account to establish 
such an enlargement. 
* Vcouling to a test for companng the standard dewations o[ two simultaneously 
noi mal vaiiatioiis (P<()()1 bolli fot iiglit and lelt side) 
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In figure VIII-2 the points with coordinates d
s
 and ά4 are plotted 
for the right sides of the thirty orthopantomograms. In this figure 
the tolerance limits of а
я
 and d4 (of table VIII-2) are induated by 
dotted lines. For patients not suffering from trismus, points (dj, 
d4) outside these lines are improbable. Therefore if the ortho­
pantomogram of a trismus patient gives in the graph a point 
(d
s
, d4) beyond the dotted lines, (oronoid process enlargement 
is probably a cause of the trismus. 
] ig \III-2 \ ahiei of the distanícs (I, and dj on (he light side of 31) mthopamomo 
giams The dotted lines indicate the lolcijiicc limits The little uoss shows the 
\aliies of patient 3 (see page 03) with comnoiri pioress enlaigement 
As there is no significant correlation between d,, and d4, representing 
the breadths of the condylar and coronoid processes, nor between d,t 
and d2, representing the heights of the processes, the sizes of these 
processes can be considered more or less independent. 
48 
IX 
HISTORICAL REVIEW OF CORONOID ENL \RGEMENT 
AND EVALUATION OF THE CONDITION CALLED 
JACOBS DISEASE 
A search of the literature going back as far as 1850, rc\ caled onl\ one 
case report in the nineteenth centurv. 
In 1860 Langenbeck published in the first issue of the Archiv für kli-
nische Chirurgie (later the name of this journal was dedicated to this 
great surgeon) a case of a 17 \ears old bo\ who was bom with micro-
gnathia. As a bab\, restricted mandibular movement was noted, which 
became worse during childhood. At the age of se\ cntccn the trismus was 
complete. Langenbeck operated upon the patient b\ cutting both mas-
'•eter muscles. This operation was not a success. Some vears later the 
procedure was repeated and this time included forced opening. This onh 
resulted in the accidental removal of an upper cuspid, but did not mo-
bilize the mandible. Manipulation, however, gave Langenbeck the im-
pression that there was some kind of blocking of the mandible. He states 
that while forcing open the mouth, he could actually palpate the im-
pingement of the coronoid process against the zvgomalk bone. Thus it 
\va> decided to resect the coronoid processes, λη extra-oral vertical in­
cision was u4:d, parallel to the course of the fibres of the massctcr muscle. 
Coronoidectomy was performed with the end of a small handsaw. Im­
mediately after performing this operation on both sides, the mouth could 
be opened widely. Besides serious infection on both sides after some davs, 
recoven was uneventful and the improved mouth opening was main­
tained. 
The coexistence of micrognathia and coronoid process enlargement in 
this ca^c of Langenbcck's was never recorded in the literature afterwards. 
Differences in activity of the condvlar and coronoid cartilage during 
foetal life could be an explanation for this condition. 
As the condylar head of Langenbcck's patient will probably have been 
small, due to his micrognathia, it might be presumed that the coronoid 
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process was normal and therefore relatively enlarged. However there was 
no joint surgery performed and the trismus was relieved only by coro-
noidectomy. Therefore it is justified to consider the case of Langenbeck 
as the first report on coronoid process enlargement in the literature. 
In 1898 Heydenreich states that trismus can be caused by an abnormal 
development of the coronoid process. This statement however is not 
illustrated by a case history. 
Fig. IX-1. Original drawings from the article of O. Jacob (1899). On the right side a 
malar exostosis is united with a normal coronoid process by means of fibrous bands. 
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In 1899 Jacob put to the „Société Anatomique de Paris" the description 
of an anatomical peculiaritv which he discovered by the post mortem 
examination of a patient who had had a restriction of jaw-movement. He 
noticed impingement of an apparenti) normal ( oronoid process against 
an exostosis on the inner side of the malar bone. The two osseous surfaces 
(malar and coronoid) were united b\ bands of fibrous tissue (Іщ. IX-1 ). 
The clinical features of this type of extra-articular trismus would be exact­
ly the same as those found in coronoid enlargement. Later French authors 
thought it justified to designate this t\pe of lestriction as Jacob's disease, 
although the\ all noted a combination of malar bone exostosis and coro­
noid process enlargement (Ginestet 1957, Beicher 1958, v.d. Yij\cr 
1962, Dechaume et al. 1964). 
Considering the original article in 1899 the name of Jacob's disease 
should be reserved for the condition where a normal coronoid process 
impinges against an abnormal contour of the z\gomatic bone. In the 
literature one other case (Guillot, 1935) which can, according to this 
definition, be considered as Jacob's disease was found. 
In 1903 Orlow noted that in 44 cases of joint surgen for ankylosis, 40 
needed additional removal of the coronoid process to obtain free mandi­
bular movement. One easily understands that after condvlcctomy the as­
cending ramus moves upwards, thus gi\ing the impression of an enlarged 
coronoid process (fig. IX-2). However this is a lelathe enlargement and 
therefore these cases are not considered in this stuch. 
In 1935 the subject of Guillot's thesis was: „trismus caused b\ impinge­
ment of the coronoid process". Besides the elaborate anatomical sludv ci­
ted above he added two new case histories. One of them has to be con­
sidered as Jacob's disease, whereas the other was a patient with ankylosis 
of the joint. The coronoid procc4s was described as large and had also 
to be resected. As pointed out before these cases are not considered in 
this study. Guillot was the first author who advised coronoidcctom\ 
through an intra-oral route. 
After Langenbeck reported his patient in 1860, it was not until 1941 that 
Zimmer described the second case of coronoid process enlargement, 
which fits the definition. The pathologist classified it as an osteoma. 
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In 1943 Brandt reported on the first female patient with unilateral coro-
noid osteochondroma which curved laterally into the adjacent zvgoma, 
thus limiting mandibular motion. 
Also in 1943 Shackelford and Brown first reported coronoid osteochon-
droma in the American literature. They advised a special inclined basal 
skull view to visualize the enlarged process and also emphasized the value 
of fluoroscopy. 
Fig. I \ - 2 . Relame enlargement of ihc coronoid process '.n case of ankylosis of the 
joint. Alter surgical intervention onl) in the ¡oinl area, this coronoid process did 
not interfere with normal inonth opening. 
It was Rowe in 1963 who made a definite distinction between unilateral 
and bilateral coronoid malformation. He stated that bilateral enlarge-
ment is due to developmental hyperplasia and that unilateral enlarge-
ment takes the form of an exostosis or, more rarely an osteoma or 
osteochondroma. Most authors after 1963 share Rowe's opinion. 
At the end of this historical review it can be said that 90 Çf of all case 
histories on coronoid enlargement have been described in the last 25 
years. 
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χ 
U N I L A T E R A L A N D B I L A T E R A L E N L A R G E M E N T O F T H E 
C O R O N O I D P R O C E S S 
INCinrNCL 
Enlargement of the coronoid process remain^ an exceptional condition. 
T h e author has been unable to find more than 44 ( ases reported in the 
literatuie. Se\eral cases ho\vc\er, especial!} from Trench literature had 
not been presented in previous rc\iews. Fiom the-^ 44 cases 15 had 
bilateral and 29 unilateral coronoid process enlargement (as to the 
incidence of bilateral involvement, Nickcrson ( 1 % 9 ) in the most recent 
extensive icvicw of the literature, mentioned se\en out of 20 cases). 
I n this stud\ the additional number of three patients with coronoid pro­
cess enlargement are described. O n e had unilatcial and two of them had 
bilateral invohemenl . 
A number of 24 patients who has coronoid process enlargement as 
part of a s indrome arc excluded from the series in this chapter and are 
discussed separate!) in chapter X I I I . 
T h e total numbei of patients, reported to date, including our own three 
patients with coronoid process enlargement are listed in table X - l and 
X-2. T h e incidence of coionoid process enlargement is probabh higher 
than the total number of 47 reported cases would suggest. T h e fact that 
in Holland with its population of 13 million people, 6 patients are noted 
(v.d. Veld, 1969 and our own observations) dining three \cars, supports 
this supposition. It is likch that patients with onl\ a modciate constriction 
which is not progressiv с do not consult their ph\ -,ic ians. EspecialK when 
no facial as\mmetr\ appears, it is mosth the dentist who notices the 
condition and refers the patient for further examination. 
U M L A l l R M ЛМ) III! ΛΙΙ R\I INVOI VI MI M 
There aie several rea'-ons to make a definite distinction between uni­
lateral and bilateral coronoid process enlargement: 
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^саг \utlioi Sc\ \gc Incisai Diagnosis of /\gomatic 
at rlcaiancc the atithoi clcfoimation 
18(i') 
lf)-)7 
ΙΟΊΤ 
l<)->S 
ипя 
1<(C2 
l')(,3 
ЮМ 
1409 
1969 
19ö9 
1970 
1973 
1 aiigcnbeck 
\aii /ile 
(.mestet 
Sima 
Bcirhci 
> 
Mulinac 
Ro«e 
• 
I \im 
Nitkeison 
vd \ck l 
\llison 
bitzpatnck 
Í Hoof 
,. 
δ 
6 
Ô 
0 
6 
s 
δ 
δ 
â 
δ 
δ 
δ 
δ 
δ 
6 
δ 
δ 
\oiUh 
14 
7 
13 
10 
14 
11 
12 
11 
13 
11 
16 
18 
Π 
18 
11 
13 
24 
30 
19 
Η 
19 
20 
18 
1') 
Π 
27 
22 
-
-
18 
27 
Κ) 
18 
± 0 
7 
3 
8 
± 0 
20 
18 
Γ) 
Ij 
11 
9 
14 
23 
21 
J 
24 
19 
uilaigunent 
exostosis 
cnlaigcment 
enlaigeinent 
Jacob s disease 
. 
ostcochonrlioina 
]i\ pet plasia 
li\ pei plasia 
eiilaigeiiient 
enlaigement 
enlaigcmcnt 
, 
Inpciplasia 
In pei plasia 
enlaigement 
M 
— 
+ 
+ 
+ 
+ 
+ 
-
+ 
-
-
-
-
-
-
-
+ 
-
fable \ 1 Hilateial coionoid pioccss enlaigement 
— On 4ud\ing the total number of 1 7 bilateral саье», it was found that 
the majoriu were first detected when the patients were 11 to 15 
\cars old (table X-3). This confirms the statement of Rowe (1463) 
who said that bilateral enlargement appears to be initiated at pubert\. 
— Onset of complaints in bilateral cases was noted at the latest at the 
age of 18, whereas in unilateral imohement sc\eral patients were at 
a much older age when complaints are first noted. 
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^ с а і Uithol Sex 
at 
on 
set 
Age 
at 
op 
Incisai Diagnosis of /\gomatu 
clcaiancc tlic author dcfoimation 
1011 
1443 
14-13 
1447 
I'M') 
1Ч > 
10"i() 
Ю н 
14 j 7 
, 
10-)7 
14-)8 
14 ")4 
14 V» 
19(,1 
1402 
14Гі4 
14()4 
, 
1 <)()-) 
14()7 
]4()7 
14W) 
147Ï 
1473 
/ u n n i c i 
Shackcllord 
> 
ISiandt 
Hal lam 
Shatkcl lord 
. 
Riailsfoid 
Holmes 
Dmgnian 
Dcchaumc 
„ 
I c u n e 
\ n t o n i 
Le» ai i 
Pap 
1 ebo 
\ d Vij \er 
n c c h a u i n c 
Manic i 
. 
., 
.. 
DaMdson 
\ l l an 
, 
Rot tkc 
\ d \ c l d 
Mc)ci 
% Hoof 
á 
δ 
â 
? 
ô 
6 
â 
ό 
s 
δ 
9 
? 
9 
δ 
δ 
δ 
δ 
δ 
δ 
δ 
δ 
δ 
δ 
δ 
? 
δ 
9 
9 
δ 
δ 
21 
12 
17 
13 
10 
33 
44 
21 
11 
27 
•*»и 
12 
43 
22 
11 
28 
П 
1") 
12 
17 
12 
10 
21 
Minili 
30 
21 
111 
\ o n l h 
4ΐ/2 
18 
24 
Г) 
19 
37 
18 
38 
j l 
24 
31) 
27 
-
Ь 
73 
29 
Π 
ill 
18 
18 
Π 
14 
IH 
20 
24 
27 
32 
22 
24 
21 
1(1 
20 
±4 
' 
10 
2» 
sl ight 
h i m t a t i o n 
liniUed 
12 
8 
8 
l imited 
11 
±(> 
n o i i n a l 
3 
10 
11 
18 
10 
' 
J 
< 
•> 
l imited 
IG 
13 
10 
12 
20 
21 
osteoma 
o s t c o c h o n d i o m a 
. 
dcfoimatioi i 
exostosis 
o s l c o i h o i u h o m a 
> 
o s t L o t h o n d i o m a 
osicothoiidioni. i 
o s t c o c h o n d i o m a 
osteoma 
, 
os lcochondioina 
u s t c o t h o n d i o m a 
osteoma 
o s t c o d i o n d i o m a 
osteoclioiulioina 
fatoh s disease 
Jacob i disease 
I n p e i l i o p l n 
]i\j)eitioj)h\ 
exostosis 
, 
e n l a i g c n u n t 
e n l a i g e m e n l 
ostcochondioni . t 
en la igcnient 
+ 
+ 
+ 
+ 
+ 
-
+ 
+ 
-
-
+ 
-
+ 
+ 
+ 
+ 
-
+ 
+ 
-
-
-
-
+ 
+ 
-
+ 
+ 
-
+ 
I able \ 2 Lnilateial coionoid piocess enlaigcnient 
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In bilateral cases the enlargement tends to be of an uniform s-vm-
mctrical nature, whereas in unilateral enlargement the coronoid pro­
cess is more often irregular, sometimes with a bulbous or hooked 
extremitv (fig. X-l ). 
Unilateral enlargement is diagnosed as osteochondroma in 40% of 
the (ases. Bilateral enlargement is diagnosed onl\ once as osteochon­
droma (table X-l andX-2). 
The incidence of associated z\gomatic deformation is higher in the 
unilateral cases (table X-l andX-2). 
age on.-iCt of complaints 
unilateral bilateral 
0—10 4 3 
11—15 8 11 
16—20 4 3 
21- 30 8 — 
3 0 + 6 — 
total 30 17 
1 al)lc 4 1 \ge al опьеі of uirnpl.imls ol Ihc total niimbn ol 47 rases (including 3 
patients in this senes) 
SI \ IN( I DI NCI 
In the total number of 47 patients, 40 were male and onlv 7 female. 
None of the patients with bilateral involvement were female. An adequate 
explanation for the extreme!} rare appearance in the female has not 
been given, although it remains an intriguing question. 
S i m · ! Ol IUI 1 \I \RG1 I) ( ORONOIl) I>R()( I SS 
The shape of the enlarged coronoid process shows a wide varietv as can 
be seen in fig. X-l. However it seems justified to distinguish two tvpes 
of coronoid process abnormalitv : 
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1. The enlarged coronoid process i.s hooked and impinges on the pos­
terior aspect of the zygomatic bone. 
2. The coronoid process is enlarged in a vertical dimension. The point of 
impingement may be the same, but is sometimes located at the inner 
margin of the zygomatic arch. 
When considering the form of the coronoid process, the breadth of the 
ascending ramus has also to be taken into account. If the ascending 
ramus is broad in an antcro-postcrior direction, earlier clinical evidence 
of an enlarged coronoid process will present itself, especially when the 
process is hooked. This was noted in the case report of v.d. Veld ( 1969) 
and also seen in one of the patients in this study (fig. X-2). 
ZYGOMA 11С IÌOM" П1І ORMA I ION 
Coronoid process enlargement may be accompanied by resorption of the 
posterior aspect of the zygomatic bone with associated distortion of that 
bone (v.d. Veld 1969, Levine et al. 1957). Occasionally at operation the 
clinical appearance at the point of contact is described as a false joint 
(Shackelford and Brown 1943, Hallam 1947, Lewars 1959, Pap 1959, 
Allan and Reid 1967, Rottke 1967). Expansion of the zygoma and the 
zygomatic arch is noted in all case-, where facial asymmetry was present. 
The most pronounced distortion of the arch was noted by Brandt ( 1943 ). 
At the point of contact an outgrowth of bone on the zygomatic surface 
may be noted as well (Shackelford and Brown 1949, лап Zilc 1957, 
Ginestet 1957, Shira 1958, Bercher 1958, v.d. Viper 1962, Dechaume 
1964) and is seen in two of the patients in this series. This osseous 
reaction probably results from the continued irritation at the point of 
impact, thus gradually reducing the space through which the coronoid 
process could move. 
I'VTIENTS IN THIS SLRILS 
Patient 1 : Л fifteen years old boy was examined because of trismus, 
which had been noted five years before, but which had 
become worse during the last year. 
The history of the patient revealed growth beyond the aver-
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l i g 4-1 \ . i i ic l\ (il l l it sli,i |x dl ihc cnlaigccl cd ionoid [)H)(c-is I lie p i t t i n c s (il llic 
\ i j \s that u e r t ( I L J I Liimigli in ihc u u g i n a l ail к k t u n e Haced ßc l inu l ihc 
.iinlioi s n a m e and \слі ol pul i l i rat ion, the l igu ic I i m l u a i e t a n u n i l a t e i a l cate a n d 
II a b i la te ia l case 
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age (length 1.92m.). None of the relatives had the same 
condition. On examination slight crepitation in both tem-
poro-mandihular joints was noticed. Incisai opening was 
24 mm. Temporo-mandihular joints were radiographical-
ly within normal limits. X-ray examination showed a large 
hooked coronoid process in combination with a broad 
ascending ramus. A marked exostosis of the inner side of 
the malar bone was noted. The condition was bilateral. 
Both coronoid processes were resected by intra-oral ap­
proach. Correction of the malar exostosis did not appear to 
be necessary. During operation the opening became 42 mm. 
Five days after operating, physiotherapy was started. Grad­
ually the incisai opening increased and was 42 mm б 
months after the operation. 
lig. X.-2. Patient 1 from this series: broad ascending ramus in combination with 
blaterai large hooked coronoid process. Note exostosis of the inner side of the malai 
bone. 
The pathologists report was as follows: The sections show 
compact bone with centrally some marrow spaces filled up 
entirely with fat. Besides lamellated bone young woven bone 
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is noted. There are no signs of malignancy. The pathologi­
cal diagnosis was cortical hyperplasia with acthe growth. 
Patient 2: An 18 \ears old bo) was seen with trismus two years after 
a bic\cle accident. The left side of the face had been swollen 
but no therap\ was instituted. Incitai clearance was 17 mm. 
On examination no movement of the left condyle was felt. 
On X-ra\s there was slight indication of a narrowed joint 
space, and there were no signs of an old cond\lar fracture. 
Λ provisional diagnosis of fibrous ankNiosis was made. Thera­
peutic exercises could not increase the mouth opening. 
further X-ra\ examinations were carried out: fluoroscopic 
examination with subsequent \iews and additional lamina-
grams showed an almost vertical enlarged coronoid process 
on the left side with an impingement against a retromolar 
exostosis (fig. YII-1 and VII-2 on page 37 and 39). The 
zygomatic bone in toto pro\ed to be slightly rotated, prob­
ably as a result of a non treated fracture two years previous­
ly. Surgical intervention was now justified. Resection of 
both the coionoid process and the malar exostosis was per­
formed \ia intia-oral approach. 
Directly after coronoidectomv dunng general anaesthesia a 
mouth opening of 40 mm was possible. Three da\s after 
operation exercise therap) was started, at that moment 
mouth opening was 11 mm. When the patient was dis­
charged from clinical observation one week later, 23 mm 
was reached. After three weeks physiotherapeutic course in 
the out-patient clinic, the mouth opening was 38 mm. 
Afterwards the patient was advised to continue daily ex­
ercise during 10 minutes. Six months later the mouth 
opening was found to be 41 mm. 
The pathologist's report was as follows: 
The specimen consists mainly of compact bone. The struc­
ture is lamcllated, but especially on the outer surface a 
wo\en matrix is seen, which contains osteoblasts and osteo­
clasts. 
Some cartilage is located on the outer surface and there is 
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Tig. X-3. Patient 3 from this series: upper : Orthopantomogram of a paiicnt with bi-
lateral coronoid enlargement. 
middle: Ortliopantoniogram after operation. 
lower : Resected specimens. 
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indication of enchondral ossification as well. The marrow 
spaces contain a mixture of loose connective tissue and fat. 
The resected malar bone exostosis showed sections of vital 
lamellated, partK woven cortical and trabeculated bone. 
There were \er\ few osteoblasts. The marrow space con-
tained loose connective tissue and fat. At the outer surface 
pieces of tendinous tissue were seen and also some fragments 
of muscle tissue. 
Patient 3: An 18 years old boy was referred b\ another oral surgeon in 
order to evaluate the possibili^ of ankylosis of the left 
temporo-mandibular joint. In a fi\e years period there had 
been an increasing restriction of the jaw movements. No 
( ausative factor could be found nor had any of the relatives 
the same condition. On examination excursion of the left 
condyle could hardlv be palpated. Incisai clearance was 18 
mm without elastic resistance. Protraction of the jaw was 
hardh possible, lateral movements were normal. Radiologi-
cal investigation revealed no joint abnormality, so immediate 
attention was paid to the coronoid area. Bilateral coronoid 
process enlargement was demonstrated then (fig. X-3). 
Fig \ 4 l ia t ing of the orthopantomogiam of patient 3 fiom tins sene«; The 
tiacing is c\<iitl\ one time smallci than the onginal one on «Inch the measuiings 
»eie rai nu l out 
63 
In this patient an orthopantomogram was obtained. 
This X-rav was traced and measured according the tech-
nique described in chapter VIII [üg. X-4). The following 
distances in mms were found: 
d i , - -
d J r -
d , r -
d ^ r -
d s ,-
do,-
- 1 2 . 0 
15.7 
27.3 
27.5 
50.8 
20.4 
d, ,--
d2l-
d3,-
d4l-
d5l-
d b i -
-10.1 
19.5 
29.2 
24.0 
44 5 
19.8 
The distance d.^  in this patient is 12.7 mm be\ond the 
mean \alue and c\en 4.0 mm hc\ond the tolerance limit ol 
the distance d¿l. 
The distance dji in this patient is 14.9 mm beyond the 
mean \alue and even 6.2 mm beyond the tolerance limit of 
the distance dit|. 
After bilateral coronoid resection the mouth opening was 
immediately 43 mm. With the help of the physiotherapist 
the incitai clearance was 33 mm within two weeks after 
operation. Further exercising was done, but no additional 
improvement was obtained. 
The pathologist's report was as follows: 
Sections from the right coronoid process show partly lamel-
lated bone covered at some places with a normal perios-
teum. At the top some fragments of woven bone are seen. 
Sections from the left coronoid process are very much like 
the first ones. At one side regions of lamellated bone are 
located whereas at the base of the coronoid process non 
vital mechanically damaged bone is seen. 
The results of the operation in three patients of this series are listed in 
table X-4. 
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patient mouth 
opening 
before 
operation 
mouth opening after 
coronoidectomy during 
general anaesthesia 
mouth opening after 
completion of physio-
therapeutic treatment 
1 
2 
3 
24 
17 
18 
42 
40 
43 
42 
41 
33 
Table \ 4 Monili opening in thiee patients with coionoid pi oc ess en Ui geinen t f mm 
tli's senes befoie, (lining and aftei opeialion 
65 

XI 
CAUSES OF ABNORMAL BONE GROWTH, THAT C \ N 
RESULT IN ENLARGEMENT OF THE CORONOID PROCESS 
IMKODIK I ION 
No conclusive answer to the aetiology of coronoid process enlargement 
can he given with the knowledge at present available. More than one 
factor ma\ contribute to the condition in the same patient. It seems 
useful to list and discuss all aetiological factors mentioned in literature so 
far. Mam of the theories appear logical and some even probable, but 
none are scientifically sound: 
— disturbed mandibular growth 
— influence of function 
— vascular disturbances 
trauma 
p<T4stcnce of the coronoid cartilage 
excessive hormone production 
neoplasia 
genetic influence 
I DISIUKIiri) MANDIlKIl Alt (.ROW I II 
According to Enlow ( 1968) the main course of growth of the mandi-
ble in childhood is posteriorh, because mandibular elongation in-
\ol\cs continued addition of bone at each condyle and along the 
posterior border of the ramus. Besides the condUar growth centre, the 
mandible as a whole thus represents a multitude of active growth 
sites comprising all the periostal and endosteal surfaces throughout the 
bone. To produce a backward movement of the ramus in toto it is 
apparent that its anterior margin, including the coronoid process 
must undergo progressive removal. The growth movement of the 
coronoid process does not represent a simple backward shift that 
follows a single plane in a straight posterior direction. Instead a num-
ber of complex remodeling changes occurs on all its surfaces. 
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The cephalic apex of the coronoid process moves further apart as 
it sjrows supcriorh. It also becomes shifted posteriorly as the ramus 
üjovvs backward. The two coronoid processes are positioned in such 
a manner that the\ form a vertically orientated V. The movement 
of this V in a direction toward its wider end involves new bone 
deposition on the inner side with bone removal from its outer sur-
face. In this wa\ the former (oronoid process of a pre\ious growth 
stage is relocated in a lingual manner in order to become a part of 
the new, enlarged ramus, as it grows in height following the upward 
moving coronoid process. 
In \er\ \oung or small mandibular specimens, much of the coronoid 
process ma) be composed of a single plate of compact bone that 
forms the entiie thickness from the buccal to the lingual surface. 
Because of the lack of a middle medullary cavity in these cases, 
bone formation is entirely periosteal. In larger or older mandibular 
specimens, hov\c\cr, a narrow but distinct medullan space intervenes 
between the lingual and buccal cortices. Now the cortex moves in its 
posterior, cephalic and lingual directions by combined endosteal and 
periosteal processes. 
The complex seiies of remodeling changes in the coronoid area was 
described extensheh to illustrate the fact, that any disturbance in 
such a delicate mechanism mav well have far reaching consequences. 
INH LENCE OF F I S C I IO\ 
The factor of functional stimuli was already stressed in 1892 by the 
famous concepts of Wolff. Recently Doyle et al. (1970) pioved a 
basic, quantitative relationship between the weight of human bones 
and their attached muscles. 
In several experiments the relation of the temporal muscle to the 
shape of its bony attachments was investigated to prove the impor-
tance of pulling forces in bony development (Washburn 1947, Horo-
witz and Shapiro 1951, Avis 1959, Moss and Mechan 1970). 
Unilateral remo\al of the temporal muscle in the rat or cat was 
followed b\ a marked decrease in size of the coronoid process. 
It is unlikely that anyone would attribute the variety seen in the 
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mammalian coronoid process soleK to functional differences. Wash­
burn (1947) however stated that his experiments showed that post­
natal growth of the coronoid process in the rat is entirely dependent 
on the presence of a functioning temporal muscle. Later investigations 
confirmed Washburn's conclusions. 
Studying this experimental e\idence one could draw the conclusion 
that increased acti\it\ of the temporal muscle must be considered 
as the cause of coronoid enlargement. Experimentall), Sarnat and 
Engel (1951) noticed that the coronoid process was thicker, larger 
and extended high above the zvgomatic arch after resection of the 
mandibular condyle in growing monkeys. They stated that changes in 
the coronoid process were probably the result of the pull of the 
temporal muscle, which was not counter-balanced by condylar sup­
port and growth. In addition to the clinical palpation of the temporal 
muscle an increased muscular activit\ with subsequent hypertrophy 
can be detected by electromyographic examination. Unfortunately 
electromyograms of the patients in this stuch were not obtained. All 
future studies should include these. Besides increased muscular activi­
ty, tension above normal upon the coronoid process can also be 
exerted by a relatively short tendon of the temporal muscle. In these 
cases a range of mandibular movement above that easily allowed by 
the short tendon, increases the force exerted on the coronoid proc ess. 
This hypothesis seems an adequate explanation for the occunencc of 
coronoid enlargement in the syndrome that will be disciibsed in chap­
ter XIII of this book. 
3. ЛЧ( ΓΙ \K DISIUKBANCLS 
For many years it has been known that an arterio-venous fistula 
pioximal to an extremity may stimulate bone growth if that extremity 
has an open epiphysis. The overgrowth seems to be due to venous 
stasis in the distal portion of such an extremity beyond the arterio-
\cnous fistula (Chandler 1937, Serxelle 1948, Hutchison and Bur-
deaux 1954, Colt and Iger 1963, Keck and Kelly 1955, Dickcrson 
1966). In a \ery comprehensKe study, Trueta (1957, 1960) noticed 
acceleration of cnchondral growth after vascular disturbances around 
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the epiphysis of long buries. Goidanich and Campanacci (1962) also 
noticed this in cases oí \ascular hamartomata. Mac Kinnon (1967) 
reports a case of bilateral masseteric fnpertroptn with prominent 
mandibular notches, in which artcrio-venous fistulac appeared to be 
the cause. In an experiment with growing rats, Lckkas (1971) de-
monstrated disturbances of bone formation in the condyle after an 
artificial \ascular trauma. In this experiment small holes were drilled 
below the condylar neck with the aim to interfere with the \cnoiis 
blood supph of the cond\le. This artificial trauma resulted in an 
overgrowth of the height of the ascending ramus. 
These observations however, maini) relate to bone which has been 
preformed in cartilage and should be related to the coronoid pro-
cess onK with reservations. Nevertheless the) certain!) indicate the 
dependance of bone formation on the supph of calories, amino acids, 
electrohts etc. bv means of the vascular system. 
In this connection it is essential to have some knowledge of the blood 
supply to the coronoid process. This was studied by Castelli (1963) 
and bv Huclke and Castelli (1965) b\ means of intravascular in-
jections.* They stated: „The arteries of the coronoid process were 
commonh represented by vessels ranging from 50 to 70,« in diame-
ter. These arterioles appeared to come from the \cssels in the tempo-
ralis muscle and course downward, parallel to the long axis of the 
coronoid process, giving rise to thin, capillary-sized branches". With 
this knowledge in mind one might critisizc the conclusions of Moss et 
al. ( 1970), who removed the upper part of the temporal muscle and 
attributed the diminution in size in the coronoid process to the lack of 
function only, without realizing that the) could have interfered with 
the blood supply as well. 
4. TRAUM \ 
Trauma can be transferred to the coionoid area in two different 
ways: 
* In the fil4·! c\|>ciimeni luche VVisl.ii t ab wcio used I lie specimens ueic injeeled 
with a ruinai).!!, іііеісіпл, ¿іш-очніс mixtiiie to siiuh ι he allenai supph \ ( liuij-
mk aqueous solution appealed lo he adequale fui sludwug the \ei)oiis s\stem In Ihe 
serond cxpciiincnt the speumens of ten hiinidii adult rada\eis wcic used Multiple 
loenlgenogidins of all speumens «eie taken lo sttuh the hloodsupph. 
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a. The constant striking of the coronoid process on the zygomatic 
bone, stimulating bone formation by a periosteum which is irri-
tated by these frequent microtraumata (v.d. Vijver, 1962). The 
coincidence of coronoid enlargement and malar bone exostosis 
in a number of cases seems to confirm this theory, because the 
periosteum of both the coronoid procevs and the malar bone are 
irritated. 
b. Trauma caused by a direct heavy blow to the coronoid area. 
A fracture of the coronoid process is relatively uncommon. In a 
scries of 950 patients with facial fractures (Van Hoof and Merkx, 
1973) there were 521 patients with mandibular fractures (820 
fracture lines). Onl\ 7 times a fracture of the coronoid process 
was noted. In patients with coronoid enlargement however no 
evidence of old fractures of the coronoid was found. 
After trauma, the haematoma and its subsequent organization 
may result in an alteration of the vascular pattern and therefore 
cause abnormal bone formation in an indirect wa\. Bisgard ( 1936) 
and Greveille and Jones (1957) and later Wra\ and Goodman 
( 1961 ) demonstrated a correlation between o\ergrowth and frac-
ture of the long bones. The overgrowth was due to an acceleration 
of osteogenesis, which means an increased activity of a process 
which normally also is responsible for the growth. Lckkas ( 1973) 
showed in a rat experiment that trauma on a well defined area 
can induce condylar hyperplasia. To prove a relationship between 
a trauma noted in the history of the patient and a coronoid pro-
cess enlargement, will always remain difficult. From the total 
number of 47 patients recorded to date (including the 3 patients 
from this series) there were eight who sustained an injury that 
might have been of aetiological importance. The time elapsed 
between trauma and diagnosis of coronoid enlargement varies 
from 2 to 23 years. In the author's opinion no conclusions can 
be drawn from the age at the time of injury as listed in table XI-1. 
Two patients who were delivered by forceps were excluded from 
the series in this table (Shackelford and Brown, 1943 and David-
son, 1965). 
A patient of Dechaume et al. (1964) showed a different kind of 
trauma. A boy of thirteen years old had limited opening of his 
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mouth for a period of one \ear. The condition started after an 
E.N.T. operation under general anaesthesia. During the anaesthe-
tic there had been troubles with the respiration. During attempts 
to overcome these, a mouth opening instrument had been insert-
ed. This instrument had slipped off the molars and damaged the 
mucosa on the ascending ramus. The authors suppose that it 
might ha\c caused a periosteal lesion as well, leading to haema-
toma formation followed bv ossification. 
Author Age at the time Age at the time 
of diagnosis of trauma 
Holmes (1956) 
Rottke (1967) 
Shackelford (1949) 
Pap (1959) 
Antoni (1958) 
v. d. Vijver (19Ò2) 
Dcchaume (1964) 
v. Hoof (1973) 
36 
29 
51 
30 
29 
18 
13 
18 
13 
10 
49 
25 
24 
13 
12 
16 
Idble XI-1 8 patients wilh coronnul piocess enldigemein л и ! (lamiij in llicir hisloiy 
Vil patients «eie male 
5. PFRSISTENGl· Of THE CORONOID СЛКТП АСП 
During the period of earK development of the mandible, there are 
three main sites of secondar) cartilage formation. The first of these 
to appear and the largest is the cond}lar (artilage. The others are 
the coronoid and the symph\scal cartilage. Scott and S\mons ( 1971 ) 
state: „The coronoid cartilage forms a strip along the anterior border 
and summit of the coronoid process. It first appears about the 80 mm 
crown-rump stage. The cartilage is covered superficialh b\ a thick 
fibrocellular la\er and rests on the membrane bone below. All trace 
of the cartilage has disappeared before birth". 
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According to Weinmann and Sicher ( 1955) the cartilage in the coro-
noid processes disappears as earh as the sixth intra-uterine month. 
It is logical to suspect that if the cartilage growth center of the coro-
noid process did not disappear at the normal time, continued growth 
of the process would follow and result in enlargement (Shira, 1958). 
One might therefore expect to find cartilage remnants more frequent-
ly in the resected specimens, although it is possible that the cartilage 
had involuted at some time before the coronoidectom\. 
G. r X C l S S m HORMONL PRODIC HON 
Rowe (1963) thought the enlargement was an exaggeration of the 
normal growth pattern observed at puberty: „this is thought to be 
due to endocrine stimulation primarily derived from the eosinophil 
cells of the anterior lobe of the pituitan gland and it may be that, 
for some unknown reason the tissues of the coronoid process, in 
such cases, are unduly responshe to such a stimulus". 
In case of endocrine stimulation however primarih a general response 
will be expected. One of our patients, (case 1, page 57) a fifteen \ears 
old boy revealed growth beyond the average (1.92 m). The fact 
that — as Rowe states — onl\ the coronoid process is unduly re^pon-
she to a hormone which is transported b\ the ciiculation could in our 
opinion be explained by the presence of some kind of \ascular distur-
bance in the coronoid area, thus giving rise to a localh increased hor-
mone level. 
7 NEOPI \SIA 
a. General Consideiaticns 
In considering neoplasia as caure of abnoimal bone growth there 
arc once again, problems with the diagnosis of osteochondroma. 
Even if one agrees with the opinion that such a description should 
more properly be reserved for a mass which exhibits progressive 
and uncoordinated growth of a neoplastic nature, there alwa\s 
remain some borderline cases. Moreover \an Zilc and Johnson 
(1957) stressed the possibilit\ that the lesions originating as osteo-
chondromas had reached maturity after the growth period. 
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Thereafter a chronic reactive osseous hyperplasia was superim­
posed at the point of mechanical impact between the coronoid 
processes and the zygomas. Λ closer consideration of osteochon­
droma seems therefore desirable. According to Geschickter and 
Copeland (1949) osteochondromas are neoplasms which occur 
mostly in patients between 10 and 20 years old, with about 30% 
obsened in patients more than 30 (The same predominance as in 
coronoid enlargement; see also table X-3 page 56). The) found 
that males are affected almost twice as often as females (The sex 
ratio in coronoid enlargement is quite different, male : female = 
40 : 7). The most common location is peri-articular in relation to 
tendinous attachments. The same authors draw attention to the 
fact that, at the site of tendinous insertion, the periosteum is nor-
malh lacking or deficient. In normal tendons which thus attach 
directly to bone, proliferating centers may be found. In these 
proliferating centers, carh cartilage cells, derived from >oung 
fibroblasts may be seen. The occurrence of such proliferating zones 
in normal tendon ends was first observed by Kolliker in 1853. 
Since the periosteum is indeficient at such points, the underlying 
bone lacks a limiting membrane and grows out in the form of a 
normal bony protuberance to meet the tendon. The periosteum 
which surrounds this zone eventually forms a sleeve or cuff 
around it. Therefore, the structures which must be distorted for 
tumour formation to take place, are: 
a. cartilage cells in the proliferating centers of the tendon. 
b. the underlying zone of normal bone without periosteal cover­
ing destined to form an outgrowth. 
с a margin of periosteum surrounding the junction with the 
bone. 
Geschickter and Copeland (1949) stated: 
„The origin of an osteochondroma or exostosis at such transitional 
zones depends on abnormal variations in some one of the fore­
going factors. If both the zone of cartilage in the tendon-ends and 
the bony outgrowth of the underlying bone are normally balanced 
and eventually overlaid b\ periosteum, an osteochondroma will 
not form. If however, the periosteum surmounts only the out-
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growth of the underK ing bone and fails to blend with the fibrous 
tissue of the tendon, the growth of the cartilaginous center in the 
fibrous attachment of the muscle will not be properly limited and 
a tumour results". 
b. Histological Considerations 
Osteochondroma is a cartilage-capped bony growth protruding 
from the surface of the affected bone (Lichtenstein, 1952). The 
osseous pedicle arises directly from the cortex, there is no inter-
vening stratum of noi mal bone. The most superficial layer of the 
tumour is a hyalimzed connective tissue, the next layer is a hyaline 
cartilage; the deeper portions of this cartilage are undergoing 
calcification and are in contact with cancellous bone (Lebo, 
1961). 
The majority of cases of coronoid process enlargement in which 
any cartilage was found, are classified as osteochondromas. How-
ever, Brandt ( 1943 ), Lyon ( 1963 ), Allan (1967), Rottke (1967) 
and Fitzpatrick (1970) all noted cartilaginous tissue, but never-
theless classified their cases respectively as deformation, exostosis, 
hyperplasia and enlargement. 
Both Lyon and Fitzpatrick noted an area of fibro-cartilage on the 
anterior aspect of the coronoid process. These authors state that 
the cartilage may have been produced as a reaction to the con-
stant striking of the coronoid on the zygomatic bone. 
In all cases classified as osteochondroma, the exact area of the 
cartilage was cither not described well, or was reported to be 
located around the top of the process. 
The amount and arrangement of cartilage appears to show a con-
siderable variety in the cases, classified as osteochondroma: a pro-
gressive gradation can be distinguished if one reviews several well 
described pathological reports in literature. 
Holmes ( 1956 ) over the dome of the tumour there are 
nests of cartilaginous cells that appear 
regressive and partially calcified 
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Pap ( 1959) the expanded head was covered by a thin 
laver of cartilage 
Mohnac (1962) bilateral osteochondiomas . . . overlying 
the bom core of the right process, was 
a cartilage rim . . . the left coronoid spe-
cimen revealed no cartilage remnants. 
Meyer (1972) the cut surface shows mostly cartilage 
white tissue . . . the osteoid material is 
surrounded by large sheets of hyaline car-
tilage . . . 
Antoni et al. the coronoid piocess consists of several 
(1958) irregular fragments of compact bone as-
sociated with a mass of highly cellular 
proliferating cartilage . . . the cartilagi-
nous outgrowth is more cellular however 
than is usually encountered in cartilagi-
nous exostosis in other bones, and its 
more superficial aspects tends to have a 
myxomatous appearance 
One might expect the next repoit to be of a malignant tumour, 
fortunately however this has never been described in the literatu-
re. Antoni et al. ( 1958) however, state that because of the highly 
proliferating cartilage and the tendency toward a myxomatous 
appearance, the possibility of malignancy must be kept in mind. 
They intended to keep their patient under close obicrvation. 
Mohnac (1962) and Lebo (1961) emphasize the fact that chon-
dromas are potentially malignant, while Meyer (1972) states 
that early diagnosis of cartilaginous tumours robs them of their 
potential for malignant transformation. 
In coronoid process enlargement, consisting only of bone tissue, 
some variety of histological appearance is also found. However 
a line of progressive gradation could not be detected. In most 
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of the patients in this study normal bone was present, as was 
also reported in the cases of Nickerson (1969) and Shira (1958). 
In one of our patients however (patient 1, page 57) recent appo-
sitional growth of bone was evident. This was also noted by Alli­
son (1969). Several authors (van Zile 1957, Lewars 1959, Lyon 
1963, v.d. Veld 1969, Fitzpatrick 1970) have noted a dense 
thickened cortical bone. The residual marrow may be fatty ( Lyon, 
1963) or fibrous (Fitzpatrick, 1970) or a mixture of red marrow 
and fat (v. Zile, 1957). 
8. (.1 M ПС. INFI UENCr 
Considering causes of abnormal bone growth that can induce enlarge­
ment of the coronoid process, genetic factors have to be taken into 
account as well. Hereditary influence on coronoid enlargement has 
not been mentioned in the literature until now. However genetic in­
fluence definitely has to be considered, as will be pointed out in the 
next chapter. 
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XII 
CORONOID PROCESS ENLARGEMENT AS PART OF THE 
TRISMÜS-PSEUDOCAMPYLODACTYLY SYNDROME 
INTRODUCTION 
Simultaneously in 1969 Hecht and Beals, and Wibon et al. published their 
findings on a new s\ndrome. This consisted of: 
— trismus 
— campylodactyly* 
— - foot deformities 
— shorter stature than average 
Hecht and Beals described a family with an affected father, normal 
mother, 3 affected (2 Sa and 1 ?) and 3 normal children. One other 
affected girl died at 13 days of age. The paternal grandmother is ques-
tionably affected. A similar combination of defects in another familv was 
noted by Wilson et al. (1969). 38 Family members were examined, 
through three generations, 14 subjects were found to have varying de-
grees of involvement. 
The names and origins of the families described bv Hecht and Beals and 
b\ Wilson et al. were compared, but no common famih names or origins 
were noted. 
Both authors had knowledge of a third family in Saskatchewan, Canada. 
At the IVth International Congress of Human Genetics in Paris in Sept. 
1971, a paper: „Shortened flexor tendons in hand and feet associated 
* Accouling to Smith and Kaplan (I'lfiH) ranip\lodami) ran be defined as a flexion 
defoimil) of the fingeii) not the lesult of 11 au ma and i> swioiiMnous with camptn 
damly ((ampio = bent, campjlo = jrdicd) In this е\іспм\е rcwew it is concluded 
that shoi tening of the fle\oi subhmis appears to be the primary factor producing 
campylodactyly 1 hcrefore the pioximal 111te1phalange.il ]oiiil is involved The condì 
tion is mostly progicssive and in time, fixed deformities of the joint may develop. 
I he hand defoinulies in this SMidiome aie much alike, howevei there are several 
icasons that make lis picfer the name puudocamp'slodact'sh 
1 the l.uk of piogiession 
2 the absence of fixed deformities 
3 both the flcxoi subhmis and the flcxoi piofundus aie nnohed 
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with limitation of mouth opening" was presented b) Surana and Ives 
from Saskatoon, revealing the data on that third family. In 1913 that 
family had emigrated from the Netherlands and a comparison of family 
names makes it seem likcK that this к the same family as is reported in 
this stud\. Unfortunately it was impossible to pro\e this, as the archive 
of birthregisters from this particular period was destroyed during war­
time. 
Discussing the mechanism of limitation of excursion of the lower jaw, 
the above mentioned authors stated: „no radiographic abnormalities of 
the temporo-mandibular joint have been identified. The basis for this 
strikingly unusual finding is not yet known". 
As to this point Besling revealed a pieliminary leport on a new family 
with the Hecht and Beals syndrome seen in the St. Radboudhospital, 
Nijmegen, the Netherlands (IVth International Congress of Oral Surgery 
in Amsterdam in May 1971 ). At that time 3 members of this family had 
been seen in this clinic, re\ealing the syndrome. In search for an expla­
nation of their trismus also no abnormalities of the temporo-mandibular 
joint were found. However they had had X-ray confirmation of a coro-
noid enlargement. This bony abnormality encroaches on the a\ailable 
space in the infra-temporal fossa and eventually impinges upon the 
posterior aspect of the body of the zygomatic bone and inner margin of 
the arch, which explained the limited mandibulat excursion. 
Family in\ estigation was completed in the \car after this preliminary 
report. 
NOMbNCLVlURl 
As trismus and pseudocampylodactyly are the most pronounced symp­
toms, it is suggested that the condition is called: the Trismus-Pseudo-
campylodactyly Syndrome. 
I'URl'OSF Ol· Ι λ,ΜΙΙΛ l i S ^ S l [CM ION 
Considering merely the titles of their articles, Hecht and Beals look upon 
the trismus as the predominant feature whereas Wilson et al. considered 
the pseudocampylodactyly as the major symptom. 
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Hecht and Beals tend to regard the phenotyp ot Wilson's family as stem­
ming from a different mutation. These authors also noted a shorter sta­
ture than average in their patients. 
Therefore the purpose of this family investigation was: 
1. to find reproducable data b\ measuring handmovement, mouth ope­
ning and bod's length. 
2. to delineate the syndrome by using these data. 
3. to check the diminished height in the patients as stated by Hecht 
and Bcals. 
4. to investigate the varieU in expression of the syndrome in order to 
test the idea that the two families described in literature and the 
one from this series can be regarded as the same phcnoUpe. 
CI INICAI ITAIURFSOF ІНЬ I RISMUS-PStUUOC \MV\ I ODACI YI Y SYNUROMh 
The syndrome includes: 
1. Trismus 
Due to the restricted mouth opening the patients present mastication-
problems and may need twice the usual time to consume an ordinary 
meal. Besides this the affected individuals may reveal all distressing 
symptoms of trismus, such as the lack of fngienic dental care, gi\ing 
free play to a rampant caries with subsequent periapical pathosis and 
spreading infection because normal dental treatment is vcr\ difficult. 
Moreover intubation in ca^c of am surgical treatment is difficult. 
Λ severe trismus ma\ give rise to a life threatening situation, as 
these patients are known to aspirate very easily in case of vomiting. 
The mouth opening is measured in millimeters between the incisai 
edges of the central-upper-and lower incisors. Normal values of 
mouth opening are listed on page 21. 
Some remarks have to be made about patients wearing a prosthesis: 
if there is a considerable limitation of mouth opening, the free wa\ 
space of the full dentures will be increased in order to improve access 
to the oral cavitv. Λ distance of 7 to 8 mm can easily be gained 
b\ this procedure. PresumabK some dentists ha\e tried to extend the 
free way space even further. Measurings of mouth opening on pa­
tients with full dentures are therefore quite unreliable. Measuring 
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between the alveolar ridges is unreliable as well, because the differ-
ences in resorption cannot be taken into account. 
2. Pseudocampylodactyly 
Dorsiflexion of the wrist results in a curvature of the fingers, which 
occurs at all the intcrphalangeal joints (fig. XII-1 ). 
Fig. XII-1. I'alient V-20 from llie pedigree on page 86. Inability lo extend the fingers 
at the interphalangeal joint, when the wrist is in dorsiflexion. The patient's left hand 
was operated upon succeslnlh, 
Volarflexion of the wrist allows complete extension of the fingers. 
There is no muscle weakness detectable. X-rays of the hand and 
fore-arms never revealed any bony abnormality of the ulnar and 
radial bone, the handbones and the phalangeal bones. 
Fig. XII-2. Pronounced case of pseudocampylodactyly in patient VIG from the pedi-
gree on page 86. 
Upper figures: Ulnar deviation of the hand both clinically and rocntgenologically. 
Lower figures: Because of the pseiidocamp\lodact\l\ the child only tan creep on his 
knuckles (lower right figure), which ghes rise to the formation of a 
callosity (lower left figure). 
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The pseudocamp\ lodaci) ly is thought to bc due to shortening of the 
flexor digitorum profundus muscle tendon unit, because there is 
flexion at all intcrphalangeal joints. Howe\er it is likely that a short-
ening of the complete flexor muscle tendon unit of the fingers is 
present. 
In the pronounced cases there is also ulnar deviation and a mild 
limitation of dorsiflexion and supination of the wrist (fig. XII-2). 
In these cases one might presume involvement of the flexor muscle 
tendon units of the wrist as well. 
L'sualh functional disabiliu from the pseudocamp\lodact\l} is not 
great: most patients do not wish for surgical treatment. „The onh 
time the deformity had been a significant handicap was during his 
armv base training when his drill instructor chastised him for doing 
press ups on his knuckles" (Wilson et al.). One of our patients told 
us that, while he was on military sen ice there was trouble as well. 
He was unable to give the correct salute, and was given special dis-
pensation so that his attempts to do so might not cause a breakdown 
in militan discipline. 
During childhood an interesting finding may be noted: because of 
the deformitv of the hands, the affected child only can creep on his 
knuckles, which ma\ give rise to the formation of a callositv (fig. 
XII-2) . 
For several affected subjects, a histor\ of tightly clenched fists at 
birth was volunteered. Subsequent!} this most!} disappeared after 
exercise therap\ done h\ the mother. 
In recording the pseudocampylodactyly the maximal active extension 
in the wrist with stretched fingers is measured. The method of mea-
suring and recording is based on the principles of the Neutro-Zero 
Method (Cave and Roberts, 1936). The extended „anatomical posi-
tion" of the wrist is therefore accepted as zero degrees. According 
to the American Acadeni) of Orthopaedic Surgeons (1965) the 
average extension of the wrist is 71 . The\ quoted this as an overall 
average of sc\ eral investigations ranging from 60" to 90 . 
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3. Foot deformities 
Foot deformities in the trisinus-pseudocamp\lodact\ly svndrome are 
considered to originate (comparable to the pseudocamp\lodactyly) in 
a shortening of the flexor muscle tendon unit of the toes. Foot defor-
mities arc rare in the family from this series. Only two patients 
(VII-61 and VII-58) exhibited clubfeet. 
4. Shorter stature than average 
To evaluate a growth retardation, the affected individuals should be 
compared, 
a. with their unaffected sibs of the same sex 
b. with the 1Ü percentile of the population 
In the family from this scries there was only a growth retardation 
in comparison with the unaffee ted sibs of the same sex. 
In the family described by Hecht and Bcals the affected indhiduals 
appeared to be also shorter than a\eragc in comparison with the 10 
percentile of the population. 
All affected individuals have normal intelligence. Wilson et al. recorded 
2 patients who also had mild prognathism. We noted this in four of our 
patients, however this is considered a coincidence. In two patients (VII-
61 and VI 1-60) bilateral dislocation of the hip was noted. This is con-
sidered a coincidence as well. 
ι \MIL\ iM'isnc.mo\ i\ THIS si KM S 
Family investigation initiated with 2 propositi and resulted in the pedi­
gree shown in fig. XII-3. 
— Propositus 1 (pedigreenumber VI-8) was refcred to the oral surgery 
department of the St. Radboudhospital for evaluation of his trismus. 
Propositus 2 (pedigreenumber VI-61) was refered to the paediatric 
department of the St. Radboudhospital for evaluation of congenital 
deformities concerning hands, feet and hip. 
Propositus 1 — born 20-7-1950 - pedigreenumber VI-6. 
Λ 12 years old boy was seen in a healthy general condition. 
The trismus was of unknown duration and had not given any 
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I'ig. ХИ-3. Pedigree of seven generations (I-V1I) of the family of this series with 
the trisraus-pseudotampylodaetyly syndrome. 
Both propositi are found in the Vlth generation and are indicated by an arrow. T h e 
common ancestor was Gradus \an der Wardt who was born in 1795. 
VI-3") is emigrated and lives with her children in Canada. 
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serious problems until it interfered with adequate dental treat-
ment. The incisai clearance was 13 mm. X-rays showed a 
normal joint but a bilateral vertical elongated coronoid process 
(fig.XII-4). 
By means of a mouth dilatator some elastic resistance was felt, 
so exercise was started. On this procedure the opening has been 
stationary at 20 mm almost four years. Coronoidectomy was 
planned at the end of puberty but the patient refused to be 
operated upon, as he had no functional problems and dental 
care can be carried out with an acceptable difficulu. 
At our first examination no abnormalities of the hand were 
mentioned in the patients histon nor were they noted at the 
examination. After dr. ter Haar from the pacdiatrk depart-
ment had suggested the possibility of a family relation with 
propositus 2 the patient was reexamined and found to have 
pseudocampy lodactyly. 
Propositus 2 — born 13-10-1967 — pedigreenumber VI-61. 
At the age of 2, this boy was observed in the paediatric clinic 
because of multiple congenital deformities: 
bilateral dislocation of the hip 
clubfeet 
ulnar de\iation of the hand 
— flexed fingers on dorsiflcxion in the wrist joint but normal 
extension on volarflexion 
It is not surprising with such a complicated case histon as the 
one given above, that the symptom of trismus which had been 
present since birth was not noted. 
The parents drew the Paediatrician's attention to the diminish-
ed mouth opening, which was found to be 10 mm. The patient 
was consequently examined by the author who confirmed the 
presence of a coronoid enlargement. 
Propositus 1 lives in the centre of the Netherlands and propositus 2 
lives in the south of it. To find the family relationship was a comprehen-
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sive investigation, as it was necessary to go back in history as far as 
five generations until the pedigree yielded common ancestors at the end 
of the 18th century. We tried to examine most of the affected individuals 
personally. Sometimes access to the homes was not easy, because es-
pecially in the neighbourhood of propositus 1, the religious beliefs of the 
people make them regard congenital deformities as a punishment of God 
and they are therefore ashamed of them. 
The case histories of 2 patients are considered to be of special inter-
est and are therefore described in more detail: 
Pedigreenmnber VI-8 
This patient is the brother of propositus 1 (pcdigreenumber 
VI-6) and was first seen at our clinic at the age of twenty, some 
months after his brother's first examination. He had had a tris-
mus since childhood. When 3 years old he could open his 
mouth 3 mm. The causative factor was an enlarged coronoid 
process which was operated upon in another hospital four 
times because of three recurrence-;. When we first examined the 
patient, the incisai opening was only 9 mm. The few teeth left 
were decayed. X-rays and laminagrams showed bilateral coro-
noid process enlargement comparable to his brothers, but sur-
lig. Xll-4. Lateral tomograms of the left ascending ramus: 
left: propositus 1 
right: his brother, both revealing coronoid process enlargement. 
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rounded by a considerable mass of osseous callus probably in-
duced by the previous operations (fig. XII-4) . The confines 
of the sigmoid notch had almost disappeared. Therefore bila-
teral horizontal osteoectom\ of the vertical ramus was performed 
by an extra-oral submandibular approach. After this operation 
intra-oral splints were inserted in order to prevent dislocation 
of the mandibular body. With the help of these splints and 
elastic bands elaborate exercises were performed. This prevent-
ed both recurrence of the condition and dislocation of the 
mandibular body. 
Opening is now possible to 32 mm. The follow up revealed no 
recurrence three years after the operation. This patient also 
has moderate pseudocampylodactyly which gives no functional 
disability. 
Pedigreenumber V-20 
This patient is the father of propositus 2. Since childhood there 
had been a moderate trismus, which had not much troubled the 
patient himself. There was, however, a history of several diffi-
cult dental treatments. Six years ago all remaining teeth had 
been extracted. Full dentures were constructed, but the patient 
did not wear them and stated that eating and chewing were 
no problem, without them (fig. XII-6). 
Pseudocampylodactyly was pronounced in this patient. He had 
no functional disability but twelve years ago he was operated 
upon by a surgeon who performed an operation to improve 
the function of his left hand. He had hoped to operate succes-
fully upon the patient's son who had severe pscudocampy lo-
daci) ly. Therefore the father volunteered to be operated upon 
on his left hand, thus giving the surgeon the opportunity to get 
acquainted with the technique required to handle this rare con-
dition. As can be seen in fig. XII-1 the operation was a success. 
From the large scare on his fore-arm it can be concluded that 
this patient had had a flexor slide through operation. After-
wards the patient's son was also operated succesfullv upon on 
both hands. 
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Case 
V - 3 
V - 4 
V - 5 
V - 6 
\ - 7 
V - 8 
V - 9 
V - l l 
V-12 
V-13 
V-I4 
V-15 
V-17 
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Ν 
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Sex 
F 
F 
F 
F 
M 
1" 
F 
M 
F 
F 
F 
F 
F 
M 
F 
M 
F 
M 
F 
M 
M 
F 
M 
F 
F 
M 
F 
M 
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F 
Γ 
F 
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M 
M 
M 
M 
M 
F 
M 
F 
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- 3 0 
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+ 05 
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- 6 0 
- 6 0 
- 1 5 
- 6 0 
+ 4 5 
- 1 0 
+ 55 
(-10) 
+ 55 
- 2 0 
- 4 5 
- 3 0 
- 2 5 
in the wrist 
stielt lied fingeis 
left 
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0 
+ 35 
- 2 0 
- 1 0 
+ 15 
+ 70 
+ 65 
+ G5 
+ 35 
+ 20 
+ 60 
+ 70 
+ 35 
+ 65 
(+•0) 
+ 5 0 
+ 15 
- 2 0 
- 3 5 
+ 35 
+ 75 
+ 60 
+ 70 
+ 40 
+ 60 
+ 50 
+ 60 
+ 60 
- 3 3 
- 3 0 
- 2 5 
- 4 5 
+ 70 
+ 35 
+ 65 
( + 33) 
+ 60 
- 2 5 
- 5 0 
- 2 5 
- 1 5 
л \ ci age 
+ 72,5 
— 7,5 
+ 32,5 
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- 5 
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+ 65 
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(mm) 
43(p) 
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48(p) 
-I'(P) 
21 
32 
49 
47(p) 
44(p) 
36 
9 
35 
46 
28(p) 
45 
31 
41 
13 
27 
9 
17 
41 
20 
51 
47 
43 
47 
37 
44 
22 
14 
25 
12 
38 
25 
44 
32 
44 
29 
10 
38 
21 
Length 
((in) 
163 
159 
161 
139 
171 
161 
1G3 
170 
158 
176 
153 
165 
167 
163 
158 
171 
175 
178 
1G1 
171 
171 
1G6 
174 
167 
160 
148 
121 
114 
166 
162 
157 
168 
158 
1G9 
169 
174 
169 
140 
108 
90,5 
159 
131 
Age 
(yeais) 
53 
52 
52 
31 
47 
44 
42 
09 
07 
65 
64 
62 
57 
") > 
53 
51 
23 
21 
IS 
15 
27 
23 
18 
17 
13 
10 
7 
G 
18 
14 
43 
33 
24 
29 
26 
20 
H) 
Π 
5 
4 
12 
7 
Table XII-I. Patients with the 1 iismus-Pseu(l<)caiiip)loilac(\h S\ncliomc ( I . P S ) 
and their bibs (X). T h e p.ilienls who wcic opciatcd upon theii pseudocamp)lodac 
tyly are indicated as ( ). In the column - inouth opening - (p) stands foi píos 
thesis, the values in these patients are taken between the upper and lowci in-
cisors as well 
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mouth aperture (mm)-
50-
45 
40 
35-
3 0 -
25 
2 0 -
15 
10 
to 
о о (о 
oo,c 
(О 
t 
- 6 0 -40 - 2 0 0 20 40 60 80 
average w r i s t angle (°) 
Fig XII") Раіістч with the Ι ι ismus PsciKloram])\ lodati)!) Suidtoinc and then 
ыЫ» db lhe\ .uc also listed ill tabic XII 1 Each small ( iule stands Im one iiulnidual 
'I he patients who ucar a pioslhcsis aie indicated as (o The dotted line lepresenls 
(he boi dei Ijclwccn noi mal and suuliome \aUies' 
('ORRriAIION MOUIH OPI \ 1 \ ( , - WRISI ANGLL· 
The results of the examinations are listed in table XII-1. In fig. XII-5 the 
corresponding mouth opening with the maximal wrist angle at which 
bending of the fingers started, is shown. The population of the „normal" 
famih members is clustered and is charat tcrized b\ mouth openings of 
35 mm or more and wrist angles of about 40° or more. The „pa­
tients" show much lower values but they are occasional!) not far be\ond 
these limits. There are two exceptions: 
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1. VII-24 has a mouth opening that is normal but a restricted wrist 
angle 
2. VII-12 with a rather normal wrist angle, has a small mouth opening. 
If the relation between trismus and restricted wrist angle was a direct 
one, all patients should have been arranged along a line, but considering 
fig. XII-5 this cannot be shown. 
In our patients it appeared to be of no significant influence whether the 
patient was right- or lefthanded. 
SHORT .STATURl 
In the offspring of IV-1 are two unaffected females with both a length 
of 163 cm, while the affected females have an average height of 161 
cm (159, 161, 159 cm). In the offspring IV-2 the males are divided in 
two affected persons: a\erage 168 cm (165 and 171 cm) and one un-
affected: 170 cm. The same conclusion can be drawn from the female 
offspring of IV-2: the only female V-14 has a height of 155 cm and the 
average of the unaffected sisters is 164,8 cm (158, 176, and 158 cm). 
The two sisters VI-5 and VI-7 also can be compared: the affected girl 
has a length of 161 cm and her unaffected sister 175 cm. No other sibs 
could be compared concerning the height since they were too young and 
their ages too scattered. 
The conclusion from the height figures is: the affected individuals are 
of normal height (not under the 10 percentile) but they are shorter 
than their sibs of the same sex who arc not showing the syndrome. 
ROnNTGFNOLOGICAL FINDINGS 
V-4 and all her children were investigated roentgcnologicalh in order 
to diagnose a coronoid process enlargement. Onh the affected children 
(VI-6-7-8) showed abnormalities (fig. XII-4) whereas the mother and 
unaffected child (V-4 and VI-5) had a normally defined coronoid pro-
cess. 8 of the total number of 24 affected individuals were X-ra\ed and 
all exhibited coronoid enlargement. In sc\eral of the more pronounced 
cases, the sigmoid notch was small, because there was backward curva-
ture of the posterior border of the coronoid process. The clinical and 
roentgenological features of father V-20 and his offspring ma\ illustrate 
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a correlation between the seriousness of the trismus and the extent of 
the coronoid enlargement (fig. XII-6). VI-6 who has a moderate restric-
tion of mouth opening seems to have onl\ a slighth enlarged coronoid 
process. 
Considering the normal anatomical relation of the coronoid process and 
the temporal muscle tendon unit and especial!} the almost horizontal 
fibers, which pull the jaw backwards, one can draw the following con-
clusion: 
The unusual shape of the coronoid process in this syndrome confirms 
the hypothesis that coronoid enlargement in these cases is caused by 
excessive pull by the temporal muscle tendon unit. 
GENETICS 
Concerning the genetics of the syndrome, the (onclusion from this famih 
is the same as those drawn b\ Hecht and Bcals. 
It concerns here an autosomal dominant tiansmission with full pene-
trance and loanable expressivity, without sex influence. 
The findings which confirm this statement are: 
1. male — to — male transmission is noted several times (V-18 -> VI-
51 and V-20 ->• VI-58-61). This indicates that the X chromosome is 
not involved, but transmission occurs by one of the autosomes. 
2. there is transmission to the half of the offspring, while the unaffected 
individuals did not transmit the .syndrome to their children. 
3. there arc no „hidden" transmitters: the trait appears in e\er\ gene-
ration, with no „skipping". 
4. the lack of a direct relation between trismus and restricted wrist angle 
indicates the variable expressivity, of the svndrome. 
5. a difference in expression between males and females cannot be 
found. 
Considering the several generations more closely, the dominant trans-
mission will be checked. 
Generation V : 16 individuals were examined, 8 of them were found 
to have «vrnptoms of the syndrome. 
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Generation VI : from the offspring of the 8 affected family members 
from generation V, 25 individuals were checked. 13 
of them had trismus and pseudocampylodactyly as 
well. Again the half of the offspring is affected, 
while the health) parents did not have affected 
children. 
Generation VII : 6 children arc born from affected parents in genera-
tion VI, 3 of them have the syndrome. 
The total number of the affected family members therefore is 
8 -(- 13 -\- 3 = 24 patients; 3 patients in the older generations who had 
to be classified as affected by their history arc not included in this number. 
Males and females were equally affected. 
DISCUSSION 
It is not possible to observe differences between the sibships. This indi-
cates that the same mutation is expressed in all the affected family mem-
bers. The noted variable expressivity proves that the families investigated 
by Hecht and Beals and Wilson et al. can be qualified as stemming 
from alleles arisen by mutation of the same gene. 
The combination of hand deformities and trismus is found in two other 
syndromes: the whistling face s\ndrome and a syndrome which consists of 
hemifacial microsomia and aplasia of the radius (Ter Haar and Van 
Hoof, 1973). A sufficient explanation for this finding cannot be given, 
although it remains a very intriguing question. 
Fig \ I I G Upper fallici (pcdigreenumber V 20) with modciate trismus and toio-
noid enlaigcmcnt jN'otc the backujid cia\e of the piocess lea 
\ing a small sigmoid notch 
Middle his son (Pcdigreemimbcr VI 61) with severe trismus and roronoid 
enlargement 
Louei his daughter (pedigreenumbci \I-fiO) with about "> mm mouth 
opening beyond the atei age has only a slightly enlarged coionoid 
piocess 
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XIII 
TREATMENT 
INTRODUCTION 
In both unilateral and bilateral involvement, surgical removal of the 
enlarged coronoid process is generally advisable. In the literature only 
two patients with coronoid enlargement are described who did not re-
ceive an) treatment whatsoever (Dechaume 1957, v.d. Veld 1969). 
The incisai clearance in the patient of Dechaume was qualified as limit-
ed, while v.d. Veld noted the patient's mouth opening to be 23 mm. 
If a patient with severe trismus refuses treatment, attempts should be 
made to explain to him that when vomiting occurs, there is a possi-
bility of the aspiration of gastric contents. 
SURGICAL IHERAl'Y 
An external approach seems to have been generali) employed for the 
surgical removal of the coronoid process in the \ears before 1958. 
Antoni et al. (1958) reintroduced the intra-oral approach which was 
originally described by Guillot in 1935. 
F.XIRA-ORAI- APPRO \CH 
The external approach can be made in three ways: 
— the zygomatic arch approach 
— the submandibular approach 
the posterior flap approach 
1. The zygomatic arch approach 
An incision is made over the zygomatic arch. This procedure is 
described in detail by Shackelford in 1943. Injury to the facial 
nerve can be avoided by making the skin incision superior and 
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parallel to the easil\ palpable inferior edge of the z\goma, below 
and parallel to which the zygomatic branch of the facial nerve 
courses. The incision is deepened until the zygomatic periosteum 
is incised anteriorly where it begins to widen before articulating 
with the malar bone. 
The z\gomatic arch is exposed and resected. When this procedure 
is carried out subpeiiostally, the zygomatic branch of the facial 
nerve is displaced out of dangei inferiorh ; and, if the stripping 
begins at the anterior portion of the zygoma and is not carried fur-
ther posterior then is necessary to resect the required segment, the 
temporal branch will likewise be spared as it ascends over the pos-
terior part of the zygomatic arch. 
The coronoid process is then dissected free and removed with sur-
gical burs and chiccls. The zygomatic arch is replaced in a manner 
similar to an autogenous boncgraft, and the wound is closed. 
The subynandibiilcn appyoach 
A submandibular incision is made (Risdon approach) in the same 
way as used in order to operate upon an ank\losed jaw. Mohnac 
(1962) ad\iscd to make a 5 cm incision approximateK 1 cm below 
the angle of the mandible. The external maxillan arten and vein 
are exposed, ligated and divided. The marginal mandibular branch 
of the facial nene should be identified and retracted upward. The 
periosteum overhing the inferior border of the mandible is incised 
and together with the o\erhing masseter muscle, is elevated up-
ward to the level of the sigmoid notch. The coronoid process can 
now be removed by a cut at its base. 
The posterior flap approach 
A long curved incision is made in the skin from in front of the 
root of the helix upward and forward above the hairline and down-
wards across the forehead (Lewars, 1956). Reflection of this tem-
poral skin and fascial flap permits access to the base of the coro-
noid process. This approach was designed to avoid injury to the 
branches of the facial nene and to give ample access to the upper 
part of the infratemporal fossa. Howe\cr a \isible scar on the fore-
head cannot be avoided. 
INTRAORAL APPROACH 
Intra-oral approach is to be preferred for the removal of the coronoid 
process (fig. XIII-1). The main advantage is that it avoids am scar­
ring on the face (which is associated with all external approaches) 
but also there is no need for zygomatic bone surgery, as there Ь when 
the zygomatic arch approach is used. Possible injury to the facial 
nerve is minimized. However an extra-oral approach may be necessary 
in case of gross limitation of mandibular mo\emcnt, and in case of a 
\ery pronounced bulbous end of the enlarged coronoid process, exceed­
ing the dimensions of the temporal fossa. 
The intra-oral procedure lesembles the technique used in operating 
upon a mandibular deformit\ by sagittal splitting of the ascending 
ramus. In order to limitate the haemorrhage, the surgical area on both 
sides of the ascending ramus is heavilx infiltrated with a saline solu­
tion or a local anaesthetic solution containing adrenaline (if this does 
not interfere with the general anaesthesia). \n incision is made from 
the buccal surface of the mandibular second molar and upward along 
the anterior border of the ramus and extended lateral of the tuber 
maxillare. The tissues arc dissected free and the anterior border of the 
ramus is exposed up to the level of the sigmoid notch. If the dissection 
has to be extended too far superiorly on the medial side one can expect 
the occasional herniation of the buccal fat pad into the surgical site. 
Resection of this fat can be performed without harm, if it interferes 
with access, the tissue should be ligated before it is excised in order to 
prevent accidental cutting of small arteries. The sigmoid notch is identi­
fied with a small single bladed bonchook. The angle this instrument makes 
with the occlusal plane is chosen as the angle for the surgical bone cut 
at the base of the coronoid process. Before dividing the bone entireh 
with either chisel or bur, a hole at the base of the process is drilled. 
A stainless steel wire is then passed through the hole, to prevent loss 
of the sectioned process into the temporal fossa. This is a very real 
possibility because the pull of the temporal musc le tendon unit can be 
considerable. If intra-oral access to drill a hole is poor, a twist drill in 
an Archimcdian handpiece is inserted into the coronoid process from 
outside the face, passing beneath the zygomatic arch and above the 
parotid duct, the transverse facial artery and the buccal branch of the 
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Fig. ХШ-la. Intra-oial approach for the removal of enlargement of the coronoid 
process. A hole in the hase of the process was drilled and a stainless steel wire was 
passed through the hole, to prevent loss of the sectioned process into the temporal 
fossa. A bur is used to section the process. 
I ig. XIII-Ib. T h e bone is entirely divided by chisel or osteotome. 
Fig. XIII-lc. Dividing the coronoid process and the tendon of the temporal muscle. 
facial nerve. 
Dividing the bone and the tendon of the temporal muscle is always 
difficult and often sharp dissection with scissors is necessary. The bone 
surface of the anterior ramus is checked and smoothed with a bur. 
If there is any bony overgrowth on the posterior aspect of the malar 
bone, this can be resected in the same way through the same incision. 
The wound is closed in layers, the mucosa with interrupted nylon 
sutures. 
Ginestet (1957) and van Zile (1957) allowed one week to elapse be­
tween the operation of the left and right side, but it has been found 
that bilateral enlargement of the coronoid can be operated upon in 
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one session. The operations upon two patients in this scries with bila-
teral involvement took two hours and one hour and fort\-fivc minutes 
respecthei). The blood loss was 400 cc in the first case and 150 cc in 
the second. Because large vessels are not encountered in the intra-
oral approach, an excessive blood loss is not likely even in the bilateral 
procedure. Antibiotics are gi\en as a routine in both unilateral and 
bilateral coronoidcctom\. 
I'OSIOI'ERAIIVL· CARL· 
Ice packs can be applied extia-oralh dining the first 12 hours, to pre-
vent postoperative swelling. 
Most authors nonspecificalh mention fun< tional exercises with „exer-
cising appliances", applied 4 to 8 days postoperativelv. Like Fitzpa-
trick (1970) the importance of postoperative physiotherapy is empha-
sized so as to prevent fibrosis at the side of the bom resection and 
atrophv in the muscles of mastication. 
Physiotherapv can be started two days after the operation with a short 
wave diathermy course in order to diminish the swelling in the shor-
test possible time. Four days postoperatively a rigid routine of physio-
thcrapv is commenced. This consists of the following: 
1. During daytime and evening the patient exercises every four hours 
for a period of half an hour with a wooden cone. The patient is 
encouraged to put this cone gently in as far as the active opening 
allows for (and not to „hammer"' it between his teeth into his 
throat). In this vva\ the exercise is performed acti\el\ which is 
much more beneficial than forced opening with mouthgags (fig. 
XIII-2) . 
2. Twice a da\ the exercise is done during a short wave diathermy 
of 15 minutes. 
3. All masticatorv muscles and the left and richt condvlar area are 
daily treated with ultrasound (0,4 Watt/cm- during two minutes). 
After discharge from the hospital, the physiotherapv treatment is varied 
according to the patients progress. Of course the best refill which can 
be obtained b\ exercise therapy is the mouth opening which was noted 
immediately after coronoidectomv during general anaesthesia. In the 
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author's experience however the patient can stop treatment before this 
limit is reached because there will be further progress for some months 
afterwards. 
Fig. XIII-2. Patient exercises л іііі a cone wooden block to improve mouth opening 
during a short wave diathermy course. 
C:ONSF.RVAl IVE 1 RI ATMENT 
X-ray treatment was described by Dechaume (1957). In his patient 
there was an improvement of mouth opening from 14 up to 25 mm, 
after a course of 1400 R. As coronoid process enlargement is to he con­
sidered benign, it would be difficult to justify X-ray treatment. 
Shira (1958) constructed a modeling compound block for a fourteen 
years old patient after having established the diagnosis of coronoid 
enlargement. This block was preserved as a record. The patient was 
then observed for approximately five months. By using the compound 
block as a guide, it was evident that the enlargement of the coronoid 
process was progressive and that the amount of movement was decrea­
sing gradually. A decision to operate was then made. V. d. Veld ( 1969) 
treated one of his patients, a 17 years old boy with a trismus appliance. 
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At the beginning a pro\isional diagnosis of joint ankylosis was made 
and mouth opening was 14 mm. After four months this was increased 
to 23 mm. At that time additional X-ray examination was done, re-
vealing coronoid enlargement. The patient declined the surgical treat-
ment that was proposed. One of our patients who has the trismus-
pscudocampylodactyly syndrome and X-ray proof of coronoid process 
enlargement, was treated non surgically but with physiotherapy. The 
incisai clearance was 13 mm and improved 7 mm with the exercise 
treatment. Resection of the coronoid process was planned at the age 
of eighteen, but at the moment this patient has declined operation as 
he had no complaints and mouth opening has been stationary at 20 
mm during the last two years without additional exercise. Although 
the above two patients indicate that conservative treatment can be of 
some value, it is only indicated if operation has to be postponed for 
some reason. 
AGE OF OPERATION 
The age at which the operation takes place depends of course on the 
onset of the complaints, however in the literature no operation was 
described in patients under fifteen years of age. The patient described 
on page 88 had se\ere restriction of jaw movement that was operated 
upon in his third year and because of recurrence again in his sixth 
}ear. Two more operations proved necessary. If reasonable function 
exists and dental treatment can be given it seems advisable to post-
pone intervention until the end of puberty. 
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SUMMARY 
The number of cases of unilateral and bilateral enlargement of the 
coronoid process remains small, in spite of the recent publications of 
several papers about this condition. The addition of three cases to the 
small number reported to date and our observation of 24 family mem-
bers with a sindrome which includes coronoid enlargement, is thought 
to justify this stud). Not less than 8 different names were suggested 
in the literature. It seems advisable to base the name on the X-ra\ 
findings in combination with the clinical findings. It is suggested that 
the name coronoid process enlargement should be used which allows 
additional diagnose based upon other criteria, such as microscopic 
aspects to be added. 
The most important thing to consider in discussing the normal anato-
my of the coronoid process and its relationships, is the shape of the 
process in relation to the shape of the temporal fossa. This is discussed 
in detail in chapter VI. 
In 1860 the famous surgeon Langenbeck was the first to treat a pa-
tient with enlargement of the coronoid process. In 1899 Jacob descri-
bed an anatomic peculiarity, which he discovered by the post mortem 
examination of a patient who had had restricted jaw movement. He 
noticed impingement of an apparently normal coronoid process against 
an exostosis on the inner side of the malar bone. Later French authors 
thought it justified to designate this type of restriction as Jacob's disease, 
although they all noted a combination of malar bone exostosis and coro-
noid process enlargement, in their cases. 
The most dominating clinical feature of the enlarged coronoid process 
is without doubt the trismus. In spite of accurate clinical in\e>tigaUoii, 
the differential diagnosis between intra- and extra-articular osseous res-
triction can only be made by radiological examination. 
Routine views such as lateral skull film, basai view and Waters view 
are frequently insufficient to disclose the condition. On the orthopan-
tomogram, the coronoid process is well visualized in most cases and 
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this view also enables a very accurate comparison of the left and right 
side. Lateral views with tomograph) remain, however, an indispensable 
means of confirming the diagnosis. Only with these films can the exact 
point of impingement on the posterior side of the malar bone be esti-
mated in the open mouth position. 
A technique of tracing and measuring the coronoid area on the ortho-
pantomogram is described. After measuring 30 orthopantomograms of 
individuals not suffering from trismus, tolerance limits for the outlines 
of the coronoid process were determined. If on an orthopantomogram 
of a patient with trismus values beyond these tolerance limits are found, 
coronoid process enlargement is probably a cause of the trismus. 
In literature 44 cases of coronoid process enlargement are reported; 
15 had bilateral and 29 unilateral involvement. This thesis records the 
treatment of 3 patients with coronoid process enlargement, two of 
them having bilateral involvement. 
The patients who had coronoid enlargement as part of a syndrome 
were described separately. 
In the total number of 47 patients 40 were male and only 7 female. 
None of the patients with bilateral in\ olvement were female. 
The shape of the enlarged coronoid process shows a wide variation, 
but it seems justified to distinguish firstly an enlarged process which 
is hooked and secondly an enlargement in a vertical dimension. The 
breadth of the ascending ramus has also to be taken into consideration 
because a broad ramus gives rise to earlier clinical evidence of an en-
larged coronoid process. 
No conclusive answer as to the aetiology can be given at present. More 
then one aetiological factor might contribute to the condition in the 
same patient. The factors that must be considered are: disturbed man-
dibular growth, influence of function, vascular disturbances, trauma, 
persistance of the coronoid cartilage, excessive hormone production, 
neoplasia and genetical influence. 
In 1969 the first reports were published of a new syndrome, compri-
sing: trismus, pseudocampvlodactvh, foot deformities and short sta-
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turc. As trismus and pseudocampylodacUly arc the major symptoms 
of the sindrome, a provisional name: the Trismus-Pseudocampylo-
dactyly Syndrome is proposed. Pseudocampylodactyly is a deformity 
of the hand: dorsiflexion of the wrist results in an inability to straighten 
the fingers occurring at all the interphalangeal joints. Volarflexion 
of the wrist allows complete extension of the fingers. The pseudocam-
pylodactyly is thought to be due to shortening of the flexor digitorum 
profundus muscle tendon unit. In literature no explanation is given 
for the trismus. 
So far three families with this syndrome ha\c been described in the 
literature. In the family investigated in this series where attention was 
given to the coronoid area, enlargement of the process was found. 24 
patients in this family had the syndrome, so far 8 of them have been 
X-rayed and all have exhibited coronoid enlargement, thus explaining 
their trismus. The unusual shape of the coronoid process in this syndrome 
confirms the hypothesis that coronoid enlargement in these cases is caused 
by the pull of the temporal muscle tendon unit. A study of the genetics of 
the syndrome, after the family investigation suggests an autosomal 
dominant transmission with full penetrance and variable expressivity, 
without sex influence. 
In both unilateral and bilateral involvement surgical removal of the 
enlarged coronoid process is generally advisable. Бел eral procedures 
for intra- and extra-oral approach are described. If applicable an intra­
oral procedure should be prefered as it avoids scarring and possible 
injury to the facial nene. 
The importance of postoperative physiotherapy is emphasized and a 
schedule for this treatment is given. 
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SAMENVATTING 
Het aantal patiënten met enkel- of dubbelzijdige vergroting van de 
processus coronoideus blijft klein ondanks de recente publicatie van 
verschillende van deze ziektegeschiedenissen in de internationale litera-
tuur. Het toevoegen van drie patiënten aan het kleine aantal dat tot 
nu toe bekend is en tevens onze bevinding van familiair voorkomen 
van de vergrote processus coronoideus als onderdeel van een nieuw 
syndroom, leken beschrijving in een op zichzelf staande studie verant-
woord te maken. 
Niet minder dan 8 -verschillende namen voor dit ziektebeeld werden 
in de literatuur gevonden. Het lijkt echter wenselijk de nomenclatuur 
te baseren op de gecombineerde röntgenologische en klinische bevin-
dingen. Het verdient daarom de voorkeur om te spreken van vergro-
ting van de processus coronoideus, hetgeen alle ruimte openlaat om de 
diagnose volgens andere criteria nader te specificeren en in een toevoe-
ging bijvoorbeeld het microscopische aspect aan te duiden. 
Aangaande de normale anatomie die voor dit ziektebeeld van belang 
is, dient men vooral de vorm van de processus coronoideus in relatie 
tot de vorm van de fossa temporalis te beschouwen. Deze relatie wordt 
in detail besproken in hoofdstuk VI. 
In 1860 behandelde de beroemde chirurg Langenbeck voor het eerst 
een patient met vergroting van de processus coronoideus. In 1899 be-
schreef Jacob een merkwaardige anatomische bevinding bij de obduc-
tie van een patient die trismus had gehad. Hij bemerkte het stoten van 
een ogenschijnlijk normale processus coronoideus tegen een exostose 
aan de binnenzijde \an het os z\gomaticum. Enkele decennia later 
meenden verschillende Franse auteurs dit ziektebeeld daarom te moeten 
omschrijven als de ziekte van Jacob, ondanks het feit dat zij allen een 
exostose op het z\goma opmerkten in combinatie met een vergrote 
processus coronoideus. 
Het meest op de voorgrond tredende symptoom van de vergrote pro-
cessus coronoideus is zonder twijfel de trismus. Ondanks nauwkeurig 
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klinisch onderzoek, is het alleen met röntgenfoto's uit te maken of een 
ossale bewegingsbeperking intra- dan wel extra-articulair gclocaliseerd 
is. Standaardopnamen zoals de laterale schedelfoto, schedclbasisfoto 
en Tschebullopname zijn meestal onvoldoende om de vergrote pro-
cessus coronoideus goed zichtbaar te maken. De afbeelding op het 
orthopantomogram is meestal uitstekend en geeft tevens de mogelijk-
heid om de rechter en linker zijde nauwkeurig te vergelijken. Laterale 
tomogrammen blijven vaak onmisbaar om de diagnose met zekerheid 
te stellen. Alleen op deze opnamen is het mogelijk om exact het punt 
van aanstoten tegen het zygoma zichtbaar te maken als de mond zover 
als mogelijk wordt geopend. 
Er wordt een techniek beschreven om het gebied van de processus 
coronoideus op het orthopantomogram te traeen en te meten. Vol-
gens deze methode werden 30 orthopantomogrammen gemeten van 
individuen die geen trismus hadden. Met behulp van de gevonden 
waarden werden tolerantielimieten voor de contour van de processus 
coronoideus bepaald. Als op het orthopantomogram waarden worden 
gevonden die buiten deze tolerantielimieten liggen, is het waarschijn-
lijk dat een vergrote processus coronoideus de oorzaak is van de tris-
mus. 
In de literatuur zijn 44 patiënten met vergroting van de processus coro-
noideus beschreven, 15 hadden de afwijking dubbelzijdig en 29 enkel-
zijdig. In deze studie worden 3 patiënten met vergroting \an de pro-
cessus coronoideus beschreven, twee van hen hadden een dubbelzijdige 
vergroting. Onze patiënten die een vergrote processus coronoideus als 
onderdeel van een syndroom hadden werden in een apart hoofdstuk 
beschreven. 
Van het totaal aantal van 47 patiënten waren er 40 manlijk en slechts 
7 vrouwelijk. Geen enkele van de patiënten met een dubbelzijdige ver-
groting was vrouwelijk. 
De vorm van de vergrote processus coronoideus vertoont veel variatie. 
Toch kan men twee hoofdvormen onderscheiden, waarbij de eerste 
meer gebogen, kapstokachtig van vorm is, terwijl bij de tweede groep 
meer sprake is van een vergroting in verticale richting. Men dient tevens 
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rekening te houden met de breedte \an de opstijgende tak aangezien een 
vergrote processus coronoideus eerder aanleiding tot een hinderlijke tris-
mus zal geven als de ramus breed is in voor-achterwaartse richting. 
Het probleem van de actiologie kan met de huidige kennis nog niet 
worden opgelost. Meerdere aetiologische componenten kunnen een rol 
spelen. De factoren die men hierbij moet beschouwen zijn: gestoorde 
mandibulaire groei, invloed van de functie, vasculaire stoornis, trauma, 
persisteren van het coronaire kraakbeen, excessieve hormoonpioductie, 
tumorgroei en genetische invloed. 
In 1969 verscheen er voor het eerst een publicatie over een nieuw syn-
droom met als symptomen: trismus, pseudocampylodactyh, \oetafwij-
kingen en een enigszins verkorte lichaamslengte. Aangezien trismus en 
pseudocampylodactyh' de meest op de voorgrond staande symptomen 
zijn, lijkt het Tnsmus-Pseudocampylodactyly Syndroom de meest aan-
gewezen benaming. 
Pseudocampylodactyl> is een afwijking van de hand: bij het achter-
over buigen van de vuist blijven de vingers gebogen in alle interpha-
langeale gewrichten. Volairflexie van de vuist daarentegen laat volle-
dige extensie van de vingers toe. Pseudocampvlodactyly wordt toege-
schre\en aan een verkorting van de M. flexor digitorum profundus. 
In de literatuur werd tot nog toe geen verklaring aangegeven voor de 
trismus. 
Tot op heden zijn drie families met dit syndroom in de literatuur be-
schreven. Alleen bij de door ons onderzochte familie werd de processus 
coronoideus onderzocht waardoor de vergroting ervan geconstateerd 
werd. 24 patiënten in deze familie vertonen het syndroom, 8 van hen 
werden röntgenologisch onderzocht en bij hen werd zonder uitzonde-
ring een vergrote processus coronoideus gevonden. Hiermede is een ver-
klaring gevonden voor het voorkomen van trismus bij dit syndroom. 
Uit de merkwaardige vorm van de processus zoals deze bij het syn-
droom voorkomt, kan men afleiden dat de vergroting tot stand is ge-
komen door een abnormale tractie welke door de M. temporalis wordt 
uitgeoefend. 
Aangaande het genetische aspect van het s\ndroom, leidde het familie-
l i l 
onderzoek tot de \olgende conclusie: het betreft hier een autosomale 
dominante overerving met volledige penctrantie en variabele expres-
sie, zonder geslachtsinvloed. 
Bij zowel enkel- als dubbelzijdige vergroting ven de processus coronoi-
deus is chirurgische verwijdering van het overtollige botweefsel over 
het algemeen de aangewezen therapie. Verschillende operatietechnie-
ken via intra- en extra-oraal worden besproken. Indien uitvoerbaar, 
dient de voorkeur gegeven te worden aan een intra-orale benaderings-
wijze, aangezien cosmetisch storende littekens en mogelijke beschadi-
ging van de N. facialis vermeden worden. 
Het belang van postoperatieve physiotherapeutische begeleiding wordt 
benadrukt, en een nadere omschrijving van de hierbij gebruikte tech-
niek wordt vermeld. 
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RftSUMÉ 
Le nombre des cas d'agrandissement unilatéral et bilatéral de l'apo-
ph\!>e coronoïde reste petit, malgré quelques publications récentes à pro-
pos de cette condition. Le but de cette étude est d'ajouter trois cas à ce 
petit nombre rapporté jusqu'à ce jour ainsi que l'observation de 24 mem-
bres d'une famille avec un syndrome où l'agrandissement de la coro-
noïde était inclus. On trouve pour cette condition dans la littérature huit 
noms différents. Les signes radiologiques doivent être combinés avec les 
symptômes cliniques, c'est pourquoi le nom agrandissement de l'apophyse 
coronoïde est proposé. Avec ce nom il est possible d'ajouter à ce diag-
nostic des signes supplémentaires d'importance, par exemple l'aspect 
microscopique. 
Les structures anatomiques nécessaires pour comprendre un blocage par 
une apophnse coronoïde de taille démesurée sont décrites au chapitre 
VI. Le plus important à considérer est le rapport de l'apophyse avec la 
forme et les dimensions de la fosse ¿ygomatique. 
Langenbeck, le chirurgien fameux, était le premier en 1860 à exécuter 
l'opération chez un malade qui avait un agrandissement de l'apophvse 
coronoïde. Ln 1899 Jacob a décrit les résultats de la dissection d'un 
cadavre; qui avait eu une constriction des mâchoires: le bord antérieur 
de la coronoïde (de forme normale) était en contact a\cc un malairc 
Hyperostose. Plus tard des auteurs français ont designe ce t\pc de con-
striction comme maladie de Jacob, malgré l'observation que le malaire 
hyperostosé était combiné avec un agrandissement de l'apophyse coro-
noïde chez ces malades. 
Le symptôme clinique le plus dominant est sans doute le trismus. Malgré 
un examin précis, le diagnostic différentiel entre une constriction osseuse 
intra-articulaire et extra-articulaire reste impossible sans l'aide de la 
radiographie. Les clichés de face faits de routine (projection latérale, 
l'incidence de Waters et l'incidence submento-\ertex) sont souvent pas 
suffisants pour montrer la condition. Sur l'orthopantomogramme, la coro-
noïde est bien visible et la comparaison entre la côté gauche et droite 
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est possible. Néanmoins la tomographic reste; a indispensable pour con-
firmer le diagnostic. Seulement avec ces clichés le point exact du 
blocage, chez le malade à bouche ouverte, peut être indique. 
Une technique pour tracer et mesurer la coronoïde sur les orthopantomo-
grammes est discutée. Après les mesurages sur 30 orthopantomogrammes 
des individúes qui n'avaient pas de constriction, les limites de tolérance 
pour les dimensions de la coronoïde étaient déterminées. Quand on trouve 
sur un orthopantomogramme d'un malade avec une constriction, des 
dimensions au-dessus de ces limites, il est probable que Tagrandisse-
ment en est la cause. 
Dans la littérature 44 cas d'agrandissement de la coronoïde sont décrites. 
Dans 15 cas la condition était bilatérale, dans 29 cas unilatérale. Cette 
thèse décrit le progrès de trois malades (deux où la condition était 
bilatérale, et un où elle était unilatérale). Les malades qui avaient un 
syndrome avec l'agrandissement de la coronoïde inclus sont décrites dans 
un chapitre séparé. 
Chez le total de 47 malades on trouve 40 hommes et 7 femmes seule-
ment. Aucune femme avait un agrandissement bilatéral. 
La forme de la coronoïde agrandie diffère considérablement, néanmoins 
on peut distinguer une coronoïde élongée ou une coronoïde courbée. La 
largeur de la branche montante du maxillaire inférieur est très impor-
tante, parce que dans le cas d'une grande largeur un blocage se manifeste 
plutôt. 
Il n \ a pas encore une solution définitive pour l'étiologic. Plusieurs 
cléments peuvent contribuer à la condition dans le même malade. Les 
facteurs qui doivent être considérés sont: croissance troublée du maxillaire 
inférieur, influence de la fonction, déviations vasculaires, lésion trauma-
tique, persistence du cartilage de la coronoïde, production excessive de 
l'hormone, tumeurs et influences génétiques. 
En 1969 les premières publications ont donné la description d'un syn-
drome nouveau consisté en: trismus, pscudocampylodactyly, déformité 
du pied et taille diminuée. Parce que le trismus et le pscudocampy-
lodactyly sont les symptômes les plus dominants, nous proposons le nom: 
le trismus-pseudocampylodactyly syndwme. 
114 
PseudocampylodactNly est une déformation de la main: dorsiflexion du 
poing qui resulte dans une curvature des doigts dans toutes les articu-
lations des phalanges. Volarflexion du poing permet l'extension com-
plète des doigts. Pseudocampylodactyly est attribué à une abréviation du 
tendon du muscle flexor digitorum profundus. 
Jusqu'aujourdhui trois familles avec ce syndrome sont décrites dans la 
littérature. Chez la famille examinée par nous, la région coronoide 
était étudiée pour la première fois. 24 malades de cette famille avaient 
le sindrome, dans 8 cas nous avons pu fair une exploration radiologiquc 
et tous les 8 malades avaient un agrandissement de la coronoide. La 
forme particulière de la coronoide dans ce syndrome confirme l'hypo-
thèse que l'agrandissement de la coronoïde dans ces cas est causé par 
la traction du tendon du muscle temporale. Une étude génétique de ce 
syndrome indique une transmission autosomale dominante avec pénétra-
tion ( omplète et une expression variable, sans influence du sexe. 
Dans l'agrandissement unilatéral et bilatéral de la coronoïde une inter-
vention chirurgical est advisee. Plusieures techniques pour l'intervention 
intra- et extra-orale sont décrites. L'auteur préfère une intervention intra-
orale, parce qu'il n'y a pas de cicatrice et pas de risque pour endom-
mager le nerf faciale. L'importance d'un traitement physiotherapeutique 
est accentuée et un schéma pour ce traitement est décrit. 
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STELLINGEN 
I 
Met behulp van tolerantiegrenzen kan de waarschijnlijkheidsdiagno-íC 
- vergrote processus coronoideus - - op het orthopantomogram exacter 
gesteld worden. 
II 
Bij de ziekte van Jacob wordt de beperking \an de mondopening ver-
oorzaakt door een exostose aan de achterzijde \an het os z)gomaticum 
en niet door een vergroting van de processus coronoideus. 
I l l 
Bij patiënten waarbij een totale gebitsextractic onder narcose plaats 
vindt (met een gemiddeld bloedverlies van 350 cc) verdient het aan-
beveling minstens een liter vocht te infunderen. 
IV 
De grondbeginselen \an de medische h\pnose dienen in het medisch 
en tandheelkundig curriculum te worden opgenomen. 
V 
Het stellen van een exacte indicatie voor warmtetherapic zal er moge-
lijk toe kunnen bijdragen dat het vaak overbodig behandelen \an den-
togenc infecties met antibiotica beperkt wordt. 
VI 
Het lijkt niet juist het gebruik \an radarthermie en/of ultrasonore 
massage af te raden bij de behandeling van trismus, ontstaan na cura-
tief of palliatief behandelde tumoren van het aangezichtsskelet en de 
omgevende weke delen. 
VII 
Het \ crdient aanbe\eling bij een groots opgezet grocionderzoek bij 
kleuters en schoolgaande kinderen, e\ encens de geleidelijk groter wor-
dende mondopening te registreren, aangezien exacte gegc\ens dienaan-
gaande tot op heden ontbreken. 
VIII 
Het stellen \an een juiste diagnose bij een getraumatiseerde patiënt, is 
niet afhankelijk \an de hoe\eelheid röntgenfoto's die wordt aangevraagd. 
IX 
Aangezien chirurgie en heelkunde Mnoniemen zijn, getuigt het van 
weinig inzicht dat sommigen onderscheid wensen te maken tussen de 
benaming mond-kaakchirurgie en mondheelkundc. 
X 
De geneesheer-directeur van een modern ziekenhuis geniet niet die 
waardering van de medische specialisten, die hem naar de importantie 
van zijn werkzaamheden toekomt; een wederkerige waardering lijkt 
een goed uitgangspunt om deze situatie te \erbeleien. 
XI 
„Voert iedere handeling in uw leven uit, alsof het uw laatste was". 
Indien eenieder zich naar deze uitspraak \an Marcus Aurelius richt, 
zou er meer arbeidsvreugde en minder ergernis in de wereld zijn. 
XII 
Het zou uit sociologisch oogpunt interessant zijn na te gaan of de be-
volkingsgroep die tégen de waterfluoridering is, ook het hardst klaagt 
o\er de te hoge kosten \crbonden aan tandheelkundige hulp. 
XIII 
Het is onjuist de primeur van de dwarsliggende motor toe te schrijven 
aan de Britse mini-car, aangezien deze reeds werd toegepast in de voor-
oorlogse D.K.W. Meisterklassc. Bovendien is het verwonderlijk dat het 
goed functionerende principe van de d\nastart uit de laatstgenoemde 
automobiel heden ten dage niet meer wordt toegepast. 
XIV 
De Nederlandse commissie belast met de filmcensuur dient zich te reali-
seren dat het \ erlagen van hun normen zoals bij de film Blue Movie 
het geval was, er zelfs toe kan leiden dat het lenen van een kopje suiker 
niet meer op zijn juiste waarde wordt geschat. 



